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Abstract of JP6089040 
PURPOSE:To obtain the electrophotographic 
sensitive body superior in photosensitive 
characteristics, high in strength against heat or 
mechanical shock, and producible at low cost. 
CONSTITUTION This electrophotographic 
sensitive body has on a conductive substrate a 
photosensitive layer containing at least one 
kind of hydrazone compound represented by 
formula I in which each of R<1>-R<5> is, 
independently, H, halogen, cyano, nitro, aikyl, 
aryl, hydroxy, alkoxy, aryloxy, alkylthio, 
arylthio, or amino; and m is an integer of 1-4 



and n is an integer of 1 -9, and when m and n 
are >=2, each of R<3> and each of R<4> are 
optionally same as or different from each 
other. 
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NEW MATERIALS FOR INJECTING OR TRANSPORTING HOLES AND 
ORGANIC ELECTROLUMINESCENCE DEVICES USING THE SAME 

Technical Field 

5 The present invention relates to a novel compound 

that can greatly improve lifespan, efficiency and 
thermal stability of organic light emitting devices , and 
to an organic light emitting device comprising the same 
compound in an organic compound layer. 

10 

Background Art 

In the era of advanced information technology of 
the 21 st century, a great deal of information should be 
obtained promptly with ease, and thus an importance of 
15 the high performance flat panel display for multimedia 
increases. Although liquid crystal displays (LCDs) have 
played the main part of flat panel displays up to now, 
many attempts are made to develop novel flat panel 
displays that are cost-efficient, show excellent 
performance and are differentiated from liquid crystal 
displays all over the world. Organic electroluminescence 
(EL) devices or organic light emitting devices that are 
expected to play an Important role as advanced flat 
panel displays have advantages of lower drive voltage, 
higher response rate, higher efficiency and wider view 
angle, compared to liquxd crystal displays. In addition, 
because displays using organic electroluminescence 
phenomenon permit a total module thickness of 2 mm or 
less and can be manufactured on plastic substrates 
having a thickness of 0.3 mm or less, it is possible to 
meet the trend of thinning and downsizing of displays. 
Moreover, organic electroluminescence displays have an 
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additional advantage in that they are produced at a 
lower cost compared to liquid crystal displays. 

Organic light emitting devices are based on the 
mechanism wherein electrons and holes injected to an 
5 organic film formed of organic compounds through an 
anode and a cathode form exitons when they are 
recombined and then light having a certain wavelength is 
emitted from the exitons. In 1965, Pope et al. found 
electroluminescence in an anthracene single crystal for 

10 the first time. Following this, in 1987, Tang et al. in 
Kodak Co. found that an organic light emitting device 
formed of organic materials with a structure having 
separate functional laminated layers, i.e., a hole 
transport layer and light emitting layer laminated to 

15 each other, can provide a high luminance of 1000 cd/m 2 or 
higher even under a low voltage of 10V or less. After 
those findings, organic light emitting devices has been 
a matter of great interest in the field of display 
technology (Tang, C.W. ; Vanslyke, S. A. Appl. Phys . 

20 Lett. 1987, 52, 913). Such organic light emitting 
devices are classified into those using fluorescence and 
those using phosphorescence capable of providing a high 
efficiency of up to three times of the fluorescence- 
based efficiency. Alternatively, such organic light 

25 emitting devices may be classified according to 
molecular weights of the organic materials forming 
organic light emitting devices, i.e., those prepared by 
a low-molecular weight method wherein a device is formed 
by using a vacuum sublimation process and those prepared 

30 by a high-molecular weight method wherein a device is 
formed by using solution processes such as a spin 
coating, ink jet printing or roll coating process. 
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As shown in FIG. 1, a conventional organic light 
emitting device includes an anode, a hole injection 
layer that accepts holes from the anode, a hole 
transport layer that transports holes, a light emitting 
5 layer in which holes and electrons are recombined to 
emit light, an electron transport layer that accepts 
electrons from a cathode and transport them to the light 
emitting layer, and a cathode. The above thin film 
layers are formed by a vacuum deposition process. The 

10 reason for manufacturing organic light emitting devices 
having a multilayered thin film structure is as follows. 
It is possible to transport holes and electrons to a 
light emitting layer more efficiently when a suitable 
hole transport layer and electron transport layer are 

15 used, because the moving rate of holes is significantly 
higher than that of electrons in organic materials. 
Additionally, it is possible to increase luminous 
efficiency when hole density is balanced with electron 
density in a light emitting layer. 

20 Hereinafter, a conventional organic light emitting 

device will be explained referring to FIG. 1. 

A substrate 1 is the support for an organic light 
emitting device and may be formed of a silicone wafer, 
quartz or glass plate, metal plate, plastic film or 

25 sheet, etc. Preferably, glass plates or transparent 
plates made of synthetic resins such as polyester, 
polymethacrylate or polysulfone are used. 

A first electrode (anode) 2 is disposed on the 
substrate 1. The anode serves to inject holes to a hole 

30 injection layer 3 and may be formed of metals such as 
aluminum, gold, silver, nickel, palladium or platinum, 
metal oxides such as indium-tin oxides or indium-zinc 
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oxides, halogenated metals, carbon black, or conductive 
polymers such as poly (3-methylthiophene) , polypyrrole or 
polyaniline . 

The hole injection layer 3 is disposed on the 
5 anode 2. Materials used in the hole injection layer have 
to provide high efficiency of hole injection from the 
anode and have to transport the injected holes 
efficiently. In this regard, the materials should have 
low ionization potential, high transparency to visible 

10 light and excellent stability to holes. 

Materials for the hole injection layer include 
compounds that have excellent thermal stability while 
maintaining a stable interface with the anode. Typical 
examples of the materials include copper phthalocyanine 

15 (CuPc) , which is a porphyrin-copper complex disclosed in 
US Patent No. 4,356, 429 by Kodak, Co. Because CuPc is 
the most stable compound for use in a hole injection 
layer, it has been used widely. However, it shows an 
absorption band at the blue and red zones, and thus has 

20 problems when manufacturing full-color display devices. 
Recently, starburst-like aromatic aryl amine compounds 
having no absorption band at the blue zone are known (US 
Patent No. 5,256,94 5 and Japanese Laid-Open Patent No. 
1999-219788, and see the following formulae 4-12) . 

25 Particularly, among the starburst-like amines having no 
absorption band at the blue zone, compounds represented 
by the following formulae 8-12 having a glass transition 
temperature of 100*0 or higher and excellent stability 
are used. 
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formula 9 formula 10 




formula 11 formula 12 



5 Recently, many hole injection materials having a 

higher glass transition temperature and more improved 
thermal stability have been reported. Most of them are 
compounds derived from NPB of Kodak, Co. and are 
represented by the following formulae 13-17 (see, 
10 Japanese Laid-Open Patent No. Hei9-301934 and US Patent 
Nos. 6,334,283 and 6,541,129). 




Me 

NPB formula 13 



6 



WO 2005/090512 



PCT/KR2005/000794 



5 




formula 16 formula 17 



Additionally,, Japanese Laid-Open Patent No. 2003- 
238501 discloses aromatic oligoamine derivatives having 
10 at least five nitrogen atoms in one molecule (formulae 
18 and 19) . 



15 




formula 19 



Further, more recently, Japanese Laid-Open Patent 
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No. 2003-317966 and US Patent No. 6,660,410 disclose a 
carbazole group-containing material (formula 20), which 
is specifically used as host forming a light emitting 
layer in an organic light emitting device using 
5 phosphorescence and is claimed to improve the lifespan 
of an organic light emitting device compared to 
conventionally known CBP (carbazole biphenyl) . Other 
compounds used in a hole injection layer are represented 
by the following formulae 21-27. 

10 




formula 24 formula 25 
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formula 26 formula 27 



A hole transport layer 4 is disposed on the hole 
5 injection layer 3. The hole transport layer serves to 
accept holes from the hole injection layer and transport 
them to an organic light emitting layer 5 disposed 
thereon. The hole transport layer has high hole 
transportability and stability to holes. It also serves 

10 as a barrier to protect electrons. In addition to the 
above-mentioned basic requirements, when it is used in 
display devices for cars, for example, it is preferable 
that the materials for a hole transport layer have an 
improved heat resistance and a glass transition 

15 temperature (Tg) of 80*0 or higher. Materials satisfying 
such requirements include NPB, spyro-arylamine 
compounds , perylene-ar ylamine compounds , 

azacycloheptatriene compounds, bis (diphenylvinylphenyl ) 
anthracene, silicon germanium oxide compounds, silicon- 

20 containing arylamine compounds, or the like. 

Meanwhile, as an important organic single 
molecules for a hole transport layer, there is arylamine 
compounds having high hole transport rate and excellent 
electrical stability. In order to improve thermal 

25 stability of arylamine compounds, hole transport 



WO 2005/090512 



PCT/KR2005/000794 



materials into which a naphthyl substituent or spyro 
group is introduced are reported (see, US Patent Nos. 
5,554,459 and 5,840,217). In the beginning, N,N'- 
diphenyl-N,N' -bis ( 3-methylphenyl) -1, 1 ' -diphenyl-4 , 4' - 
5 diamine (TPD) is frequently used as organic hole 
transport material. However, because TPD is unstable at 
a temperature of 60 °C or higher, N-naphthyl-N-phenyl- 
1, 1' -diphenyl-4, 4 ' -diamine (NPD) based materials or 
amine compounds substituted with a greater number of 

10 aromatic groups that have a higher glass transition 
temperature are used at the present time. Particularly, 
organic single molecules for use in a hole transport 
layer should have high hole transport rate. 
Additionally, because a hole transport layer is in 

15 contact with a light emitting layer and forms an 
interface therebetween, organic single materials for a 
hole transport layer should have an adequate ionization 
potential value of between that of a hole injection 
layer and that of a light emitting layer so as to 

20 inhibit the generation of exitons at the interface 
between hole transport layer and light emitting layer. 
Further, the organic single materials for a hole 
transport layer are required to control the electrons 
transported from the light emitting layer. 

25 An organic light emitting layer 5 is disposed on 

the hole transport layer 4. The organic light emitting 
layer, which serves to emit lights by the recombination 
of holes and electrons injected from the anode and 
cathode, respectively, is formed of materials having 

30 high quantum efficiency. 

Organic single molecules for use in a light 
emitting layer where light emission is accomplished by 
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the recombination of holes and electrons are classified 
functionally into host materials and guest materials. In 
general , host materials or guest materials can 
accomplish light emission when used alone. However, host 
5 materials are doped with guest materials in order to 
solve the problems of low efficiency and luminance and 
the problem of self-packing of the same molecules that 
causes the excimer characteristics to come out in 
addition to the unique characteristics of each molecule. 
10 More particularly, as green light emitting layer, 

8-hydroxyquinoline aluminum salt (Alq3) is uniquely used 
and may be doped with high-quantum efficiency materials 
such as quinacridone or C545t so as to increase luminous 
efficiency. Organic materials for a blue light emitting 
15 layer have problems in that they have low melting points 
and low luminous stability at the initial time and that 
they have poor lifespan, compared to Alq3 as green light 
emitting material. Additionally, because most materials 
for a, blue light emitting layer represent a light blue 
20 color rather than pure blue color, they are not suitable 
for full-color version displays, and so, they are also 
doped with perylene or distryl amines (DSA) to increase 
luminous efficiency. Typical organic materials for a 
blue light emitting layer include aromatic hydrocarbons, 
25 spyro-type compounds, aluminum-containing organometallic 
compounds, heterocyclic compounds having an imidazole 
group, fused aromatic compounds, as disclosed in US 
Patent Nos . 5,516,577, 5,366,811, 5,840,217, 5,150,006 
and 5, 645, 948. Meanwhile, in the case of a red light 
30 emitting layer, a large amount of green light emitting 
material doped with a small amount of red light emitting 
material is used due to the characteristically narrow 
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band gap of red light emission. However, such materials 
have structural problems disturbing the improvement of 
lifespan. 

An electron transport layer 6 is disposed on the 
5 organic light emitting layer 5. In the electron 
transport layer 6, such materials as having high 
electron injection efficiency from a cathode 7 (a second 
electrode) and capable of transporting the injected 
electrons efficiently are used. For satisfying this, the 

10 materials should have high electron affinity and 
electron moving rate and excellent stability to 
electrons. Materials that meet the above requirements 
include: aromatic compounds such as tetraphenylbutadiene 
(Japanese Laid-open Patent No. Sho57-51781) , metal 

15 complexes such as 8-hydroxyquinoline aluminum (Japanese 
Laid-Open Patent No. Sho59-194393 ) , metal complexes of 
10-hydroxybenzo [h] quinoline (Japanese Laid-Open Patent 
No. Hei6-322362 ) , cyclopentadiene derivatives (Japanese 
Laid-Open Patent No. Hei2-289675 ) , bisstyrylbenzene 

20 derivatives (Japanese Laid-Open Patent Nos. Heil-245087 
and Hei2-222484 ) , perylene derivatives (Japanese Laid- 
Open Patent Nos. Hei2-189890 and Hei3-791), p-phenylene 
derivatives (Japanese Laid-Open Patent Nos. Hei3-33183 
and Heill-345686) , oxazole derivatives, or the like. 

25 Additionally, preferred organic single molecules 

for use in an electron transport layer include 
organometal complexes having relatively high stability 
to electrons and high electron moving rate. 
Particularly, it is reported that Alq3 is the most 

30 preferred, because it has excellent stability and high 
electron affinity. In addition to the above-mentioned 
materials, other electron transport materials known to 
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one skilled in the art include Flavon or silol series 
available from Chisso Corporation. 

There is no especially preferred candidate other 
than the above materials for use in the electron 
5 transport layer. Generally, electron transport materials 
are used in the form of a mixture with metals for use in 
cathodes. Otherwise, inorganic materials such as lithium 
fluoride (LiF) may be used. 

The cathode 7 serves to inject electrons to the 

10 organic light emitting layer 5. As materials for the 
cathode, the materials used in the anode 2 may be used. 
However, it is preferable to use metals having low work 
function in order to inject electrons more efficiently. 
Particular examples of the metals include lithium, 

15 cesium, sodium, tin, magnesium, indium, calcium, 
aluminum, etc., and alloys thereof. 

However, the organic electroluminescence display 
device using organic single molecules suitable for each 
of the layers forming the device generally has short 

20 life span and has problems that it provides poor shelf 
durability and reliability. It is thought that such 
problems result from physical, chemical, photochemical 
and electrochemical changes in organic materials, 
oxidation of cathode, interlayer separation, and 

25 melting, crystallization and pyrolysis of organic 
compounds . 

Brief Description of tlie Drawings 

FIG. 1 is a sectional view showing the structure 
30 of a conventional organic electroluminescence device. 

<Brief description of indication numbers> 
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1 : substrate 

2 : anode 

3: hole injection layer 

4 : hole transport layer 

5: organic light emitting layer 

6: electron transport layer 

7 : cathode 



Disclosure of -the Invention 

10 As described above, conventional hole injection 

materials including organometal complexes such as CuPC, 
arylamine compounds and carbazole group-containing 
materials have problems in that they have a difficulty 
in realizing full color and show poor stability. 

15 The present inventors have synthesized novel 

organic compounds containing a carbazole group, 
represented by the following formula 1. And They have 
found that the above novel compounds can provide 
significantly improved efficiency, lifespan and thermal 

20 stability of an organic light emitting device, when used 
as hole injection and transport materials. The present 
invention is based on such findings. 

As described above, it is possible to realize 
desired color in an organic electroluminescence device 

25 by modifying the structure of a suitable organic single 
molecule. In this regard, various high-efficiency 
organic electroluminescence devices are provided by 
using host-guest systems. However, such devices show 
insufficient luminance characteristics, lifespan and 

30 durability for practical use. Therefore, the present 
invention has been made in view of the above-mentioned 
problems. It is an object of the present invention to 
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provide a novel material for hole injection and hole 
transport layer, which can improve luminous efficiency, 
stability and lifespan of an organic electroluminescence 
device, and to provide an organic electroluminescence 
device using the same material. 

It is another object of the present invention to 
provide a material having high glass transition 
temperature, excellent thermal stability and sublimation 
property needed for vacuum vapor deposition processes. 

According to an aspect of the present invention, 
there are provided an organic compound represented by 
the following formula 1 and an organic 
electroluminescence device comprising the same compound 
in an organic compound layer: 



10 



15 



[formula l] 

(A) 2 




R2 R2 
wherein A is -[R1-N— ] or - [ R1 — N — Ar — j ; 

R4 R4 
I | 
B is -[R3-N-] or - [R3— N — Ar — ] ; 

R6 R6 
I I 
20 C is - [R5-N-] or - [R5-N-AT-] ; 

Re R10 
I I 
D is H, -[R7-N-J or _ [ R9— N— Ar j 

In the above formula, Rl to R10 are the same or 
different, and preferably each comprises, only once or 
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repeatedly at least two times, at least one selected 
from the group consisting of a hydrogen atom; aliphatic 
hydrocarbon having 1-2 0 carbon atoms; aromatic 
hydrocarbon non-substituted or substituted with a nitro, 
5 nitrrile, halogen, alkyl, alkoxy or amino group; silicon 
group having an aromatic substituent; heterocyclic 
aromatic hydrocarbon non-substituted or substituted with 
a nitro, nitrile, halogen, alkyl, alkoxy or amino group; 
thiophene group substituted with a C1-C20 hydrocarbon or 

10 C6-C24 aromatic hydrocarbon; and a boron group 
substituted with an aromatic hydrocarbon, and 

Ar is an aromatic hydrocarbon non-substituted or 
substituted with a nitro, nitrile, halogen, alkyl, 
alkoxy or amino group. 

15 In the above formula, each of 1, m and n is an 

integer of 1 or more and o is an integer of 0 or more, 
preferably, 1, m and n represent 1 at the same time, and 
o is 0, with the proviso that the compound represented 
by formula 1 wherein Rl, R2, R3, R4, R5 and R6 represent 

20 hydr-ogen atoms simultaneously and D is also a hydrogen 
atom is excluded. 

The above aromatic hydrocarbon includes monocyclic 
aromatic rings such as phenyl, biphenyl and terphenyl 
and multicyclic aromatic rings such as naphthyl, 

25 anthiracenyl, phenanthracene, pyrenyl and perylenyl or 
the like. Additionally, the above heteroaromatic 
hydrocarbon includes thiophene, furan, pyrrole, 
imidazole, thiazole, oxazole, oxadiazole, thiadiazole, 
triazole, pyridyl, pyridazyl, pyrazine, quinoline, 

30 isoquinoline, etc. 

Preferably, the compound represented by the above 
formula 1 may be a compound represented by any one 



WO 2005/090512 



o 

PCT/KR2005/000794 



formula selected from the following formulae 2a-2e: 
[formula 2a] 




[formula 2b] 




[formula 2c] 




Ar 

1 

R5 R6 
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[formula 2d] 




[formula 2e] 




5 

More preferably , the compound represented by the 
above formula 1 may be a compound represented by any one 
formula selected from the following' formulae 3a-3n: 



10 [formula 3a] 



R2 R3 
I I 
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[formula 3b] 

R2 R3 

"W 1 




I 

R6 

[formula 3c] 




5 [formula 3d] 




[formula 3e] 
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[formula 3g] 




1 ' 



R1 




R4 



R5" N "R6 



[formula 3h] 



I 

R1 

R5 

N 

i 

R6 




R4 



5 [formula 3i] 



R2 R3 



[formula 3 j ] 



R2 R3 
I I 



F£ Ar 
N 
l 

R6 




[formula 3k] 

xxxx 



^ x ^ v 



Ar 
I 

10 R5 RB 
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[formula 31] 




R6 R8 



In the above formulae 2a— 2e and 3a-3n, each of Rl- 
R8 is the same as defined with regard to the above 
10 formula 1. 

Hereinafter,, the present invention will be 
described in more detail. 

The organic compounds represented by the formula of 
1, 2 or 3 are capable of serving as hole injection and 
15 hole transport materials, and thus can be used in at 
least one layer selected from, a hole injection layer, 
hole transport layer and a light emitting layer in an 
organic light emitting device - 
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Particularly, each of the compounds comprises a 
carbazole group and accepts and transports holes with 
ease. It is thought that such functions result from the 
cyclic structure present in the carbazole group and the 
5 presence of an aryl group bonded to the carbazole group. 
Therefore, an organic material layer comprising the 
above compound may be used as a hole injection layer or 
hole transport layer. Additionally, the organic material 
layer may be used as a light emitting layer where holes 

10 and electrons are recombined to accomplish light 
emission. In other words, the compound according to the 
present invention can perform at least one function 
selected from the group consisting of hole injection, 
hole transport and light emission. Similarly, the layer 

15 comprising the above compound in an organic light 
emitting device can serve as at least one selected from 
the group consisting of a hole injection layer, hole 
transport layer and a light emitting layer. 
Additionally, the layer comprising the above compound 

20 can be used as a hole injection/hole transport layer, 
hole injection/hole transport/light emitting layer, etc. 

More particularly, it ±s thought that the compound 
may accept and transport holes stably and safely by 
virtue of the aryl group of the carbazole group or the 

25 aryl group bonded to the carbazole group as a 
substituent and the carbazole group itself. In addition, 
the substituent bonded to the carbazole group is derived 
from an amine group. Such substituents maintain the 
movement of holes and the structure of the compound 

30 according to the present invention in a stable state, 
while not disturbing the flow of holes. Therefore, the 
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organic light emitting device comprising the compound 
shows excellent stability and improved lifespan. 

In addition, the substituents of the compound 
according to the present invention, i.e., R1-R10 may 
5 represent any other substituents than the groups as 
defined above, as long as the compound having 
substituents corresponding to Rl-RlO can perform a 
desired function as an organic material layer in an 
organic light emitting device. For example, when R1-R10 

10 represent alkyl groups or alkyl-substituted 

substituents, there is no limitation in the length of 
each alkyl group. Because the length of an alkyl group 
included in the compound does not affect the conjugation 
length of the compound, it has no direct effect on the 

15 wavelength of the compound or on the characteristics of 
a device. However, the length of an alkyl group may 
affect the selection of a method of applying the 
compound to an organic light emitting device, for 
example, a vacuum deposition method or a solution 

20 coating method. Therefore, there is no particular 
limitation in length of alkyl groups that may be 
included in the compound represented by the above 
formulae . 

With regard to R1-R10 in the above formulae, 
25 particular examples of the aromatic compound include 
monocyclic aromatic rings such as phenyl, biphenyl, 
terphenyl, etc., and multicyclic aromatic rings such as 
naphthyl, anthracenyl, pyrenyl, perylenyl, etc. 
Particular examples of the heteroaromatic compound 
30 include thiophene, furan, pyrrole, imidazole, thiazole, 
oxazole, oxadiazole, thiadiazole, tiriazole, pyridyl, 
pyridazyl, pyrazine, quinoline, isoquino JLine, etc. 



23 



WO 2005/090512 



J 

PCT7KR2005/000794 



The aliphatic hydrocarbon having 1-20 carbon atoms 
includes both linear aliphatic hydrocarbons and branched 
aliphatic hydrocarbons. Particular examples of such 
hydrocarbons include alkyl groups such as methyl, ethyl, 
5 n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl, 
tert-butyl, pentyl, hexyl, etc.; alkenyl groups having a 
double bond, such as styryl; and alkynyl groups having a 
triple bond, such as acetylene. 

Non-limiting examples of the compound according to 
10 the present invention include the compounds represented 
by the following formulae 28-260. 




15 formula 28 formula 2 9 formula 30 



XXX^ "XW "*XXO~ 






Me^H P«^% 

formula 31 formula 32 formula 33 
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formula 91 



formula 92 
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formula 107 





OMe J\ OMe 



formula 108 



OMe 



OMe 



formula 109 





MeO 



OMe 




OMe 



formula 111 



a N x) 
6 



formula 113 



OMe 

formula 110 





OMe 



oxxx. 



OMe 



formula 112 





6uo 




formula 114 
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5 

formula 125 




formula 122 




formula 124 
OMe OMe 




OMe 

formula 12 6 
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OMe 

formula 127 




formula 131 



.OMe 



OMe 




OMe 



MeO 



OMe 




CN NC 






CN 




formula 128 
CN NC. 








CN 

formula 130 



no 2 o 2 N^ ^ 





formula 132 



OMe 



OMe 



MeO 
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5 formula 137 
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formula 139 
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formula 134 




OMe 

formula 136 




formula 14 0 
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formula 145 



formula 146 
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formula 147 



6 

formula 149 



Oa N XX N JOD 

formula 151 

OMe OMe 



OMe OMe 

formula 153 




formula 148 

txxxx^' 






MeO OMe 

formula 150 

OMe OMe 






OMe OMe 

formula 152 
formula 154 
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formula 161 



formula 162 
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formula 170 



formula 171 



formula 17 2 
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OMe MeO 




formula 174 




formula 17 6 



9 9 




formula 180 
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formula 189 formula 190 formula 191 
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formula 204 formula 205 




OMe 

5 formula 208 formula 209 formula 210 




formula 213 



formula 2X4 
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formula 228 formula 229 
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formula 232 formula 233 
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formula 251 
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formula 260 

5 The organic compounds represented by the above 

formulae may be synthesized from their starting 
materials through three to eight processing steps. In 
one embodiment of the synthetic process, the above 
compounds can be prepared from carbazole. First, 

10 carbazole is treated with a halogen atom or halogenated 
benzene to form a starting material substituted with 
halogen or halogenated benzene . Next, a compound 
corresponding to each of A, B, C, D or R1-R10 of the 
above formula 1 is introduced to the starting material 

15 to substitute for the halogen atom of the starting 
material, thereby forming a desired compound. In the 
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process, a catalyst may be used. There is no particular 
limitation in the selection of a halogen atom. 
Generally, bromine, chlorine, etc. may be used. 

It will be appreciated that a suitable synthetic 
5 process can be designed by one skilled in the art with 
reference to the structural formula of the compound 
according to the present invention. 

Synthetic processes for some compounds will be 
described in the following Examples. 
10 FIG. 1 shows a preferred embodiment of the organic 

electroluminescence device. The organic compound 
according to the present invention can be used in at 
least one organic material layer disposed between an 
anode and cathode, i.e., at least one layer selected 
15 from the group consisting of a hole injection layer, 
hole transport layer and a light emitting layer. More 
particularly, the compound can be used in a hole 
injection layer, hole transport layer, hole 
injection/hole transport layer, or a hole injection/hole 
20 transport/light emitting layer. 

Meanwhile, it is known that a host material having 
a large energy gap, for example CBP, is doped with an 
organic phosphorescent material such as phenylpyridine 
iridium to provide a high-efficiency device 
25 successfully. This indicates that limited efficiency by 
the singlet-singlet transition may be overcome by 
triplet-triplet transition. Therefore, when the novel 
hole injection material according to the present 
invention is applied as a host material for 
30 phosphorescence-based luminescence, it will be possible 
to obtain an organic electroluminescence device having 
significantly improved luminous efficiency and lifespan 
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(C. Adachi, M. A. Baldo, and S. R. Forrest, Applied 
Physics Letter, 77, 904, 2000., C. Adachi, M. A. Baldo, 
S. R. Forrest, S. Lamansky, M . E. Thompsom, and R. C. 
Kwong, Applied Physics Letter, 78, 1622, 2001) . 
5 According to the present invention, the organic 

electroluminescence devices comprising the compounds 
represented by the above formulae 1-3 and 28-260 in 
organic material layers can provide significantly 
improved efficiency and lifespan and show excellent 
10 stability. 



Best Mode for Carrying Out the Invention 

Hereinafter, synthetic processes of the organic 
compound represented by the above formula 1 and 

15 manufacture of organic electroluminescence devices using 
the same will be described in more detail through 
Examples and Comparative Examples . It is to be 
understood that the following examples are illustrative 
only and the present invention is not limited thereto. 

20 In order to prepare the compound represented by 

the above formula 1, the compounds represented by the 
following formulae a-h may be used as starting 
materials . 




25 [formula a] [formula b] 
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[formula c] [formula d] [formula e] 



5 




[formula h] 



In the above formulae a-h, X represents a halogen 
atom. There is no particular limitation in the selection 

10 of a halogen atom. In the following examples, the 
compounds represented by formulae a-h wherein X is Br 
are selected as starting materials. The starting 
materials are prepared according to the following 
Preparation Examples 1 to 8 . 

15 <Preparation Example 1> Preparation of the 

starting material represented by formula a 

Carbazole (5.00 g, 29,9 nimol), l-bromo-4- 
iodobenzene (9.30 g, 32.9 mmol), K 2 C0 3 (16.5 g, 120 
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mmol), Cu (3.80 g, 59.8 mmol) and 18-crown-6 (0.40 g, 
1.49 mmol) were refluxed in 50 ml of o-dichlorobenzene 
for 15 hours. After the completion of the reaction, the 
reaction mixture was cooled to room temperature and the 
5 precipitate was filtered off. The filtrate was washed 
with water three times, dried over MgS0 4 and concentrated 
under reduced pressure. The reaction mixture was 
purified by column chromatography to obtain the compound 
represented by formula a as starting material (5.85 g, 

10 61%). X H NMR (300 MHz, CDC1 3 ) 8.13-8.11 (d, 2H) , 7.71- 
7.69(d, 2H), 7.44-7.21(m, 8H) ; MS [M+H] 322. 

<Preparation Example 2> Preparation of the 
starting material represented by formula b 

Carbazole (5.00 g, 29,9 mmol), l-bromo-3- 

15 iodobenzene (9.30 g, 32.9 mmol), K 2 C0 3 (16.5 g, 120 
mmol), Cu (3.80 g, 59.8 mmol) and 18-crown-6 (0.40 g, 
1.4 9 mmol) were refluxed in 50 ml of o-dichlorobenzene 
for 15 hours. After the completion of the reaction, the 
reaction mixture was cooled to room temperature and the 

20 precipitate was filtered off. The filtrate was washed 
with water three times, dried over MgS0 4 and concentrated 
under reduced pressure. The reaction mixture was 
purified by column chromatography to obtain the compound 
represented by formula b as starting material (5.85 g, 

25 61%) . MS [M+H] 322. 

<Preparation Example 3> Preparation of the 
starting material represented by formula c 

The starting material represented by formula a 
(1.50 g, 4.66 mmol) was dissolved in dimethylf ormaide 

30 (DMF, 20 ml) and N-bromosuccinimide (NBS, 1.82 g, 10.2 
mmol) was added thereto. The reaction mixture was 
reacted at 50-60°C for 2 hours and water (15 ml) was 
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added thereto. The resultant precipitate was filtered, 
washed with water and then recrystallized in 
dichloromethane/n-hexane to obtain the compound 
represented by formula c as starting material (1.93 g, 
5 86%). X H NMR(300 MHz, CDC1 3 ) 8.17(s, 2H) , 7.75-7. 74 (d, 
2H) , 7.51-7. 48(d, 2H) , 7.38-7.35(d, 2H) , 7.22-7.19(d, 
2H) ; MS [M+H] 478. 

<Preparation Example 4> Preparation of the 
starting material represented by formula d 

10 The starting material represented by formula b 

(1.50 g, 4.66 mmol) was dissolved in dimethylf ormaide 
(DMF, 20 ml) and N-bromosuccinimide (NBS, 1.82 g, 10.2 
mmol) was added thereto. The reaction mixture was 
reacted at 50-60*0 for 2 hours and water (15 ml) was 

15 added thereto. The resultant precipitate was filtered, 
washed with water and then recrystallized in 
dichloromethane/n-hexane to obtain the compound 
represented by formula d as starting material (1.93 g, 
86%) . MS [M+H] 478. 

20 <Prepaaration Example 5> Preparation of the 

starting material represented by formula e 

2, 5-dik>romonitrobenzene (12.0 g, 42.7 mmol) was 
dissolved in dimethylf ormamide (DMF, 80 ml) , Cu (6.0 g, 
93.94 mmol) was added thereto, and then the reaction 

25 mixture was reacted at 120^ for 3 hours. The reaction 
mixture was cooled to room temperature, the insoluble 
material was filtered off and the filtrate was 
concentrated. The resultant product was recrystallized 
in ethanol to obtain 4,4' -dibromo-2 , 2 ' -dinitrobiphenyl 

30 (10.2 g, 60%). MS[M+] 354. 

4 , 4 ' -d±bromo-2, 2 ' -dinitrobiphenyl (6.1 g, 15.17 
mmol) was stirred in HC1 30 ml/EtOH 75 ml, Sn powder 
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(7.2 g, 60.68 mmol) was added thereto/ and then the 
reaction mixture was refluxed for 24 hours. Next, the 
reaction mixture was cooled to room- temperature, 
neutralized with 10% NaOH solution, and then 
5 recrystallized in ethanol to obtain 4 , 4 ' -dibromo-2, 2' - 
diaminobiphenyl (3.5 g, 67%). MS[M+H] 341. 

4, 4' -dibromo-2, 2' -diaminobiphenyl (3.5 g, 10.23 
mmol) was dissolved in phosphoric acid and heated at 
190*0 for 24 hours. The reaction mixture was cooled to 

10 room temperature and then NaHC0 3 (aq) was gradually added 
thereto to form a solid. Then, the solid was filtered to 
obtain 2, 7-dibromocarbazole (2.2 g, 66%), the compound 
represented by formula e. MS [M+] 323. 

<Preparation Example 6> Preparation of the 

15 starting material represented by formula f 

3, 6-dibromocarbazole (1.63 g, 5.00 mmol), 4- 
bromophenylboronic acid (2.95 g, 15.0 mmol), 2M 
potassium carbonate solution (10 ml) and 

tetrakis (triphenylphosphine) palladium (29.0 mg, 0 . 25 

20 mmol) were added to 100 ml of THF. The reaction mixture 
was stirred under reflux for about 24 hours and then 
cooled to room temperature. Next, the reaction mixture 
was introduced into toluene and brine and the toluene 
layer -was separated. The separated layer was dried over 

25 MgS0 4 , filtered and concentrated. Then, the reaction 
mixture was purified by column chromatography to obtain 
the compound represented by formula f as starting 
material (1.15 g, 48%). X H NMR(300 MHz, CDC1 3 ) 10.1(s, 
1H), 7.77(s, 2H), 7.49-7.46(m, 6H) , 7.37(d, 4H) , 7.30(d, 

30 2H) ; MS [M+H] 476. 

<Preparation Example 7> Preparation of the 
starting material represented by formula g 
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The compound represented by formula f (1.43 g, 
3.00 mmol) , l-bromo-4-iodobenzene (1.87 g, 6.60 mmol), 
K 2 C0 3 (3.32 g, 24 mmol) r Cu (0.76 g, 12.0 mmol) and 18- 
crown-6 (0.08 g, 0.30 mmol) were refluxed in 10 ml of o- 
5 dichlorobenzene for 15 hours. After the completion of 
the reaction, the reaction mixture was cooled to room 
temperature and the precipitate was filtered off. The 
filtrate was washed with water three times, dried over 
MgS0 4 and concentrated. under reduced pressure. The 

10 reaction mixture was purified by column, chromatography 
to obtain the compound represented by formula g as 
starting material (1.02 g, 54%). X H NMR (300 MHzr, CDC1 3 ) 
7.77(s, 2H), 7.49-7.40 (m, 8H) , 7.37(d, 4H) , 7.30(d, 2H) , 
7.20 (d, 2H) ; MS [M+H] 63 0. 

15 <Preparation Example 8> Preparation of the 

starting material represented by formula h 

The compound represented by formula c (2.40 g, 
5.00 mmol), 4-bromophenylboronic acid (3.94 g, 20.0 
mmol), 2M potassium carbonate solution (20 ml) and 

20 tetrakis (triphenylphosphtine) palladium (58.0 mg, 0.50 
mmol) were added to 10 0 ml of THF. The reaction mixture 
was stirred under reflux for about 2 4 hours and then 
cooled to room temperature. Next, the reaction mixture 
was introduced into toluene and brine and the toluene 

25 layer was separated. The separated layer was dried over 
MgS0 4 , filtered and concentrated. Then, the reaction 
mixture was purified by column chromatography to obtain 
the compound represented by formula h as starting 
material (2.09 g, 59%). l H NMR (300 MHz, CDC1 3 ) 7.77 (s, 

30 2H) , 7. 50-7. 46 (m, 10H) r 7.37 (m, 6H) , 7 . 30 (m, 4H) ; MS 
[M+H] 706. 

<Example 1> Preparation of the compound 



63 



WO 2005/090512 



PCT/KR2005/000794 



represented by formula 61 

The compound represented by formula c (1,00 g, 
2,08 mmol) , diphenylamine (1.16 g, 6.8 6 mmol) , Pd 2 (dba)3 
(0.125 g, 0.13 mmol), P(t-Bu) 3 (0.04 g, 0.2 mmol) and 
5 sodium tert-butoxide (1.80 g, 18.7 mmol) were added to 
xylene (4 0 ml) and the mixture was refluxed for about 3 
hours. After the completion of the reaction, the 
reaction mixture was cooled to room temperature and 
added to a mixed solution of THF and H 2 0. The organic 

10 layer was separated, dried over MgS0 4 and then 
concentrated. The resultant product was purified by 
column chromatography and recrystallized in ethyl 
acetate/n-hexane to obtain the compound represented by 
formula 61 (1.16 g, 75%). X H NMR (300 MHz, CDC1 3 ) 6.78(d, 

15 2H) , 6.96(m, 14H) , 7.12(m, 6H) , 7.25(s, 2H) , 7 . 5-7 . 51 (m, 
14H), 7.65 (d, 2H) ; MS [M+H] 745. 

<Ex ample 2> Preparation of the compound 
represented by formula 62 

The compound represented by formula c (1.00 g, 

20 2.08 mmol), N-phenyl-l-naphthylamine (1.50 g, 6.86 
mmol), Pd 2 (dba) 3 (0.125 g, 0.13 mmol), P(t-Bu) 3 (0.04 g, 
0.2 mmol) and sodium tert— butoxide (1.80 g, 18.7 mmol) 
were added to xylene (4 0 ml) and the mixture was 
refluxed for about 3 hours . After the completion of the 

25 reaction, the reaction mixture was cooled to room 
temperature and added to a mixed solution of THF and H 2 0. 
The organic layer was separated, dried over MgS0 4 and 
then concentrated. The resultant product was purified by 
column chromatography and recrystallized in ethyl 

30 acetate/n-hexane to obtain the compound represented by 
formula 62 (1.46 g, 79%). 1 H NMR (300 MHz, CDCI3 ) 6.78(d, 
2H) , 6.96-7.12(m, 14H) , 7.25(s, 2H) , 7.5-7.51(m, 8H) , 
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7.65-7.66(m, 8H) , 7 . 80-7 . 81 (m, 6H) , 8.11-8. 12(m, 6H) ; MS 
[M+H] 895. 

<Example 3> Preparation of the compound 
represented by formula 63 

5 The compound represented by formula c (1.00 g, 

2.08 mmol), N-phenyl-2-naphthylamine (1.50 g, 6.86 
mmol), Pd 2 (dba) 3 (0.125 g, 0.13 mtiol) , P(t-Bu) 3 (0.04 g, 
0.2 mmol) and sodium tert-butoxide (1.80 g, 18.7 mmol) 
were added to xylene (40 ml) and the mixture was 

10 refluxed for about 3 hours. After the completion of the 
reaction, the reaction mixture was cooled to room 
temperature and added to a mixed solution of THF and H 2 0. 
The organic layer was separated, dried over MgS0 4 and 
then concentrated. The resultant product was purified by 

15 column chromatography and re crystallized in ethyl 
acetate/n-hexane to obtain the compound represented by 
formula 63 (1.21 g, 65%). X H NMR (300 MHz, CDC1 3 ) 6.78(d, 
2H), 6.96-7.0(m, 8H) , 7.12(m, 3H) , 7.25-7.29(m, 8H) , 
7.51-7.73(m, 16H), 7 . 94-8 . 05 (m, 9H); MS [M+H] 895. 

20 <Example 4> Preparation of the compound 

represented by formula 64 

The compound represented by formula c (1.00 g, 
2.08 mmol), N-phenyl- (9-phenan"threnyl) amine (1.85 g, 
6.86 mmol), Pd 2 (dba) 3 (0.125 g, 0.13 mmol), P(t-Bu) 3 

25 (0.04 g, 0.2 mmol) and sodium tert-butoxide (1.80 g, 
18.7 mmol) were added to xylene (40 ml) and the mixture 
was refluxed for about 3 hours. After the completion of 
the reaction, the reaction mixture was cooled to room 
temperature and added to a mixed solution of THF and H 2 0. 

30 The organic layer was separated, dried over MgS0 4 and 
then concentrated. The resultant product was purified by 
column chromatography and re crystallized in ethyl 
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acetate/n-hexane to obtain the compound represented by 
formula 64 (0.93 g, 43%). 1 H NMR (300 MHz, CDC1 3 ) 6.78 (d, 
2H), 6.96-6.97 (m, 8H) , 7.12(t, 3H) , 7.25(s, 2H) , 7.41(m, 
3H), 7. 5-7. 51 (m, 8H) , 7.65(d, 2H) , 8.32-8.38(111, 12H) , 
5 8.62 (d, 6H) , 9.43(m, 6H) ; MS [M+H] 1045. 

<Example 5> Preparation of the compound 
represented by formula 65 

The compound represented by formula c (1.00 g, 
2.08 mmol) , N-phenyl- (9-anthrenyl) amine (1.85 g, 6.86 

10 mmol), Pd 2 (dba) 3 (0.125 g, 0.13 mmol), P(t-Bu) 3 (0.04 g, 
0.2 mmol) and sodium tert-butoxide (1.80 g, 18.7 mmol) 
were added to xylene (40 ml) and the mixture was 
refluxed for about 3 hours. After the completion of the 
reaction, the reaction mixture was cooled to room 

15 temperature and added to a mixed solution of THF and H2O. 
The organic layer was separated, dried over MgS0 4 and 
then concentrated. The resultant product was purified by 
column chromatography and recrystallized in ethyl 
acetate/n-hexane to obtain the compound represented by 

20 formula 65 (1.24 g, 57%). X H NMR (300 MHz, CDC1 3 ) 
6.78(d, 2H) , 6.96-6.6.98(m, 8H) , 7.12(t, 3H) , 7.23(s, 
2H), 7.5-7.51(m, 8H) , 7.65-7.66(m, 7H) , 7.81-7.84 <m, 
10H) , 8.14-8.15(m, 12H) ; MS [M+H] 1045 . 

<Example 6> Preparation of the compound 

25 represented by formula 68 

The compound represented by formula c (1.00 g, 
2.08 mmol), di- (1-naphthyl) amine (1.85 g, 6.86 mmol) , 
Pd 2 (dba) 3 (0.125 g, 0.13 mmol), P(t-Bu) 3 (0.04 g, 0.2 
mmol) and sodium tert-butoxide (1.80 <g, 18.7 mmol) were 

30 added to xylene (40 ml) and the mixture was refluxed for 
about 3" hours. After the completion of the reaction, the 
reaction mixture was cooled to room temperature and 
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added to a mixed solution of THF and H 2 0 . The organic 
layer was separated, dried over MgS0 4 and then 
concentrated. The resultant product was purified by 
column chromatography and recryst alii zed in ethyl 
5 acetate/n-hexane to obtain the compound represented by 
formula 68 (1.04 g, 48%). X H NMR (300 MHz, CDC1 3 ) 6.78(d, 
2H), 7.0-7.05 (m, 8H) , 7.25(s, 2H) , 7.50-7.66(m, 16H) , 
7.80-7.81 (m, 12H) , 8. 11-8. 16 (m, 12H) ; MS [M+H] 1045. 

<Example 7> Preparation of the compound 
10 represented by formula 69 

The compound represented by formula c (1.00 g, 
2.08 mmol) , di- (2-naphthyl) amine (1.85 g, 6.86 mmol) r 
Pd 2 (dba) 3 (0.125 g, 0.13 mmol), P(t-Bu) 3 (0.04 g, 0.2 
mmol) and sodium tert-butoxide (1.80 g, 18.7 mmol) were 
15 added to xylene (40 ml) and the mixture was refluxed for 
about 3 hours. After the completion of the reaction, the 
reaction mixture was cooled to room temperature and 
added to a mixed solution of THF and H 2 0 . The organic 
layer was separated, dried over MgSCU and then 
concentrated. The resultant product was purified by 
column chromatography and recrystallized in ethyl 
acetate/n-hexane to obtain the compound represented by 
formula 69 (0.89 g, 41%). X H NMR (300 MHz, CDC1 3 ) 6.78(d, 
2H), 7.0(d, 2H), 7.26-7.29(m, 14H) , 7.5-7.53(m, 16H) , 
7.94-8.05(m / 18H) ;MS [M+H] 1045. 

<Exaraple 8> Preparation of the compound 
represented by formula 71 

The compound represented by formula c (1.50 g, 
3.13 mmol), p, p' -ditolylamine (2.03 g, 10.3 mmol), 
Pd 2 (dba) 3 (0.19 g, 0.21 mmol), P(t-Bu) 3 (0.06 g, 0.31 
mmol) and sodium tert-butoxide (1.05 g, 10-96 mmol) were 
added to xylene (30 ml) and the mixture was refluxed for 
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about 3 hours. After the completion of the reaction, the 
reaction mixture was cooled to room temperature and 
added to a mixed solution of THF and H 2 0. The organic 
layer was separated, ciried over MgS0 4 and then 
5 concentrated. The resultant product was purified by 
column chromatography and recrystallized in ethyl 
acetate/n-hexane to obtain the compound represented by 
formula 71 (1.31 g, 50%). 2 H NMR (300 MHz, CDC1 3 ) 2.55(s, 
18H) , 6.48-6.70(m, 16H) , 6.95-7.01(m, 14H) , 7.2-7.35(m, 

10 4H) ; MS [M+H] 829. 

<Ex ample 9> Preparation of the compound 
represented by formula 72 

The compound represented by formula c (1.50 g, 
3.13 mmol) , m^' -ditolylamine (1.96 ml, 10.3 miaol) , 

15 Pd 2 (dba) 3 (0.19 g, 0.21 mmol) , P(t-Bu) 3 (0.06 g r 0.31 
mmol) and sodium tert-butoxide (1.05 g, 10.96 mmol) were 
added to xylene (30 ml) and the mixture was refluxed for 
about 3 hours. After the completion of the reaction, the 
reaction mixture was coo led to room temperature and 

20 added to a mixed solution! of THF and H 2 0. The organic 
layer was separated, ciried over MgS0 4 and then 
concentrated. The resultant product was purified by 
column chromatography aind recrystallized in ethyl 
acetate/n-hexane to obtairi the compound represented by 

25 formula 72 (1.55 g, 60%). a H NMR (300 MHz, CDC1 3 ) 2.55(s, 
18H), 6.48-6.70(m, 16H) , <5 . 95-7 . 01 (m, 14H) , 7.2-7.35(m, 
4H) ; MS [M+H] 829. 

<Example 10> Preparation of the compound 
represented by formula 89 

30 The compound represented by formula c (l.SO g, 

3.13 mmol) , 3-methyldiphenylamine (1.88 g, 10.3 mmol), 
Pd 2 (dba) 3 (0.19 g, 0.21 mmol) , P(t-Bu) 3 (0.06 g, 0.31 
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mmol) and sodium tert-butoxide (1.05 g, 10.96 mmol) were 
added to xylene (30 ml) and the mixture was refluxed for 
about 3 hours. After the completion of the reaction,, the 
reaction mixture was cooled to room temperature and 
5 added to a mixed solution of THF and H 2 0. The organic 
layer was separated, dried over MgS0 4 and then 
concentrated. The resultant product was purified by 
column chromatography and recrystallized in ethyl 
acetate/n-hexane to obtain the compound represented by 
10 formula 89 (1.62 g, 66%). MS [M+H] 787. 

<Example 11> Preparation of the compound 
represented by formula 95 

The compound represented by formula c (1.50 g, 
3.13 mmol), N- (3-methylphenyl) -1-naphthylamine (2.40 g, 
15 10.3 mmol), Pd 2 (dba) 3 (0.19 g, 0.21 mmol), P(t-Bu) 3 (0.06 
g, 0.31 mmol) and sodium tert-butoxide (1.05 g, 10.96 
mmol) were added to xylene (30 ml) and the mixture was 
refluxed for about 3 hours. After the completion of the 
reaction, the reaction mixture was cooled to room 
20 temperature and added to a mixed solution of THF and H 2 0. 
The organic layer was separated, dried over MgS0 4 and 
then concentrated. The resultant product was purified by 
column chromatography and recrystallized in ethyl 
acetate/n-hexane to obtain the compound represented by 
25 formula 95 (1.92 g, 65%). MS[M+H] 937. 

<Example 12> Preparation of the compound 
represented by formula 96 

The compound represented by formula c (1.50 g, 
3.13 mmol), N- (4-methylphenyl) -1-naphthylamine (2.40 g, 
10.3 mmol), Pd 2 (dba) 3 (0.19 g, 0.21 mmol), P(t-Bu) 3 (0.06 
g, 0.31 mmol) and sodium tert-butoxide (1.05 g, 10.96 
mmol) were added to xylene (30 ml) and the mixture was 
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refluxed for about 3 hours. After the completion of the 
reaction, the reaction mixture was cooled to room 
temperature and added to a mixed solution of THF and H 2 0. 
The organic layer was separated, dried over MgS0 4 and 
5 then concentrated. The resultant product was purified by 
column chromatography and recrystallized in ethyl 
acetate/n-hexane to obtain the compound represented by 
formula 96 (1.92 g, 65%). MS [M+H] 93 7. 

<Example 13> Preparation of the compound 
10 represented by formula 101 

The compound represented by formula c (1.50 g, 
3.13 mmol), N- (3-methylphenyl) -2-na^phthylamine (2.40 g, 
10.3 mmol), Pd 2 (dba) 3 (0.19 g, 0.21 mmol) , P(t-Bu) 3 (0.06 
g, 0.31 mmol) and sodium tert-butoxide (1,05 g r 10.96 
15 mmol) were added to xylene (30 ml) and the mixture was 
refluxed for about 3 hours. After the completion of the 
reaction, the reaction mixture was cooled to room 
temperature and added to a mixed solution of THF and H 2 0. 
The organic layer was separated, dried over MgS0 4 and 
20 then concentrated. The resultant product was purified by 
column chromatography and recrystallized in ethyl 
acetate/n-hexane to obtain the compound represented by 
formula 101 (1.92 g, 65%). MS [M+H] 9 37. 

<Example 14> Preparation of the compound 
25 represented by formula 102 

The compound represented by formula c (1.50 g, 
3.13 mmol), N- (4-methylphenyl) -2-najphthylamine (2.40 g, 
10.3 mmol), Pd 2 (dba) 3 (0.19 g, 0.21 mmol), P(t-Bu) 3 (0.06 
g, 0.31 mmol) and sodium tert-butoxide (1.05 g, 10.96 
30 mmol) were added to xylene (30 ml) and the mixture was 
refluxed for about 3 hours. After t lie completion of the 
reaction, the reaction mixture v\zas cooled to room 
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temperature and added to a mixed solution of THF and H 2 0. 
The organic layer was separated, dried over MgS0 4 and 
then concentrated- The resultant product was purified by 
column chromatography and recrystallized in ethyl 
5 acetate/n-hexane to obtain the compound represented by 
formula 102 (1.92 g, 65%). MS[M+H] 937. 

<Ex ample 15> Preparation of the compound 
represented by formula 113 

The compound represented by formula d (1.00 g, 

10 2.08 mmol), diphenylamine (1.16 g, 6.8 6 mmol) , Pd 2 (dba) 3 
(0.125 g, 0.13 mmol), P(t-Bu) 3 (0.04 g, 0.2 mmol) and 
sodium tert-butoxide (1.80 g, 18.7 mmol) were added to 
xylene (40 ml) and the mixture was refluxed for about 3 
hours. After the completion of the reaction, the 

15 reaction mixture was cooled to room temperature and 
added to a mixed solution of THF and H 2 0. The organic 
layer was separated, dried over MgS0 4 and then 
concentrated. The resultant product was purified by 
column chromatography and recrystallized in ethyl 

20 acetate/n-hexane to obtain the compound represented by 
formula 113 (1.16 g, 75%). MS[M+H] 745. 

<Example 16> Preparation of the compound 
represented by formula 114 

The compound represented by formula d (1.00 g, 

25 2.08 mmol), N-phenyl-l-naphthylamine (1.50 g, 6.86 
mmol), Pd 2 (dba) 3 (0.125 g, 0.13 mmol), P(t-Bu) 3 (0.04 g, 
0.2 mmol) and sodium tert-butoxide (1.80 g, 18.7 mmol) 
were added to xylene (40 ml) and the mixture was 
refluxed for about 3 hours. After the completion of the 

30 reaction, the reaction mixture was cooled to room 
temperature and added to a mixed solution of THF and H 2 0. 
The organic layer was separated, dried over MgS0 4 and 
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then concentrated. The resultant product was purified by 
column chromatography and recrystallized in ethyl 
acetate/n-hexane to obtain the compound represented by 
formula 114 (1.46 g, 79%). MS [M+H] 895. 
5 <Example 17> Preparation of the compound 

represented by formula 115 

The compound represented by formula d (1.00 g, 
2.08 mmol) , N-phenyl-2-naphthylamine (1.50 g, 6.86 
mmol) , Pd 2 (dba) 3 (0.125 g, 0.13 mmol), P(t-Bu) 3 (0.04 g, 

10 0.2 mmol) and sodium tert-butoxide (1.80 g, 18.7 mmol) 
were added to xylene (40 ml) and the mixture was 
ref luxed for about 3 hours . After the completion of the 
reaction, the reaction mixture was cooled to room 
temperature and added to a mixed solution of THF and H 2 0. 

15 The organic layer was separated, dried over MgSO^ and 
then concentrated. The resultant product was purified by 
column chromatography and recrystallized in ethyl 
acetate/n-hexane to obtain the compound represented by 
formula 115 (1.21 g, 65%). MS [M+H] 895. 

20 <Ex ample 18> Preparation of the compound 

represented by formula 116 

The compound represented by formula d (1.50 g, 
3.13 mmol), 3-methyldiphenylamine (1.88 g r 10.3 mmol) , 
Pd 2 (dba) 3 (0.19 g, 0.21 mmol), P(t-Bu) 3 (0.06 g r 0.31 

25 mmol) and sodium tert-butoxide (1.05 g, 10.96 mmol) were 
added to xylene (30 ml) and the mixture was ref luxed for 
about 3 hours. After the completion of the reaction, the 
reaction mixture was cooled to room temperature and 
added to a mixed solution of THF and H 2 0. The organic 

30 layer was separated, dried over MgS0 4 and then 
concentrated. The resultant product was purified by 
column chromatography and recrystallized in ethyl 
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acetate/n-hexane to obtain the compound represented by 
formula 116 (1.62 g, 66%). MS[M+H] 787. 

<Example 19> Preparation of the compound 
represented by formula 120 

5 The compound represented by formula d (1.50 g, 

3.13 mmol), N- (3-methylphenyl) -1-naphthylamine (2.40 g, 
10.3 mmol), Pd 2 (dba) 3 (0.19 g, 0.21 mmol), P(t-Bu) 3 (0.06 
g, 0.31 mmol) and sodium tert-butoxide (1.05 g, 10.96 
mmol) were added to xylene (30 ml) and the mixture was 

10 refluxed for about 3 hours. After the completion of the 
reaction, the reaction mixture was cooled to room 
temperature and added to a mixed solution of THF and H 2 0. 
The organic layer was separated, dried over MgS0 4 and 
then concentrated. The resultant product was purified by 

15 column chromatography and recrystallized in ethyl 
acetate/n-hexane to obtain the compound represented by 
formula 120 (1.92. g, 65%). MS[M+H] 937. 

<Example 20> Preparation of the compound 
represented by formula 121 

20 The compound represented by formula d (1.50 g, 

3.13 mmol), N- (3-methylphenyl) -2-naphthylamine (2.40 g, 
10.3 mmol), Pd 2 (dba) 3 (0.19 g, 0.21 mmol), P(t-Bu) 3 (0,06 
g, 0.31 mmol) and sodium tert-butoxide (1.05 g, 10.96 
mmol) were added to xylene (30 ml) and the mixture was 

25 refluxed for about 3 hours. After the completion of the 
reaction, the reaction mixture was cooled to room 
temperature and added to a mixed solution of THF and H 2 0. 
The organic layer was separated, dried over MgS0 4 and 
then concentrated. The resultant product was purified by 

30 column chromatography and recrystallized in ethyl 
acetate/n-hexane to obtain the compound represented by 
formula 121 (1.92 g, 65%). MS[M+H] 937. 
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<Example 21> Preparation of the compound 
represented by formula 192 

1) The compound represented by formula e (5.0 g, 
15.38 mmol) and di-tert-butyl-dicarbonate (5.04 g, 23.08 

5 mmol) were dissolved in 50 ml of THF and 4- 
(dimethylamino) pyridine (0.19 g, 1.54 mmol) was added 
thereto. Then, the reaction mixture was reacted at room 
temperature for 2 4 hours. After the completion of the 
reaction, the reaction mixture was concentrated and 
10 recrystallized in ethanol to obtain a product (6.16 g, 
94%) . 

2) The product obtained from step 1) (6.16 g, 
14.49 mmol), diphenylamine (5.89 g, 34.78 mmol), sodium 
tert-butoxide (4.18 g, 4 3.47 mmol), Pd 2 (dba) 3 (0.17 g, 

15 0.29 mmol) and P(t-Bu) 3 (0.06 g, 0.29 mmol) were added to 
xylene (30 ml) and the mixture was refluxed for about 3 
hours. After the completion of the reaction, the 
reaction mixture was cooled to room temperature and 
added to a mixed solution of THF and H2O. The organic 

20 layer was separated, dried over MgS0 4 and then 
concentrated. The resultant product was purified by 
column chromatography and recrystallized in ethyl 
acetate/n-hexane to obtain a compound (5.88 g, 67%). 

3) The compound obtained from step 2) (5.88 g, 
25 9.77 mmol) was dissolved in trif luoroacetic 

acid/chloroform = 50 ml/50 ml and the solution was 
refluxed for 3 hours. The reaction mixture was cooled to 
room temperature, quenched with aqueous NaOH solution, 
extracted with methylene chloride (MC) and then washed 
30 with water many times. The resultant product was dried 
over magnesium sulfate and allowed to evaporate. The 
crude product was purified by column chromatography 
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(ethyl acetate/hexane = 1/9) to obtain a compound (2.9 
g, 59%) . 

4) The product obtained from step 3) (2.9 g, 5.78 
mmol), 4-bromophenyl-diphenylamine (1.36 g, 4.21 mmol) , 
5 Pd 2 (dba) 3 (0.05 g, 0.084 mmol) and P(t-Bu) 3 (0.017 g, 
0.084 mmol) and sodium tert-butoxide (1.21 g, 12.63 
mmol) were added to xylene (30 ml) and the mixture was 
refluxed for about 3 hours. After the completion of the 
reaction, the reaction mixture was cooled to room 

10 temperature and added to a mixed solution of THF and H 2 0. 
The organic layer was separated, dried over MgS0 4 and 
then concentrated. The resultant product was purified by 
column chromatography and recrystallized in ethyl 
acetate/n-hexane to obtain the compound represented by 

15 formula 192 (1.5 g r 49%). MS[M+H] 745. 

<Ex ample 22> Preparation of the compound 
represented by formula 193 

1) The compound represented by formula e (5.0 g, 
15.38 mmol) and di-tert-butyl-dicarbonate (5.04 g, 23.08 

20 mmol) were dissolved in 50 ml of THF and 4- 
(dimethylamino) pyridine (0.19 g r 1.54 mmol) was added 
thereto. Then, the reaction mixture was reacted at room 
temperature for 24 hours. After the completion of the 
reaction, the reaction mixture was concentrated and 

25 recrystallized in ethanol to obtain a product (6.16 g, 
94%) . 

2) The product obtained from step 1) (6.16 g, 
14.49 mmol), N-phenyl-l-naphthylamine (7.63 g, 34.78 
mmol), sodium tert-butoxide (4.18 g, 4 3.47 mmol), 

30 Pd 2 (dba) 3 (0.17 g, 0.29 mmol) and P(t-Bu) 3 (0.06 g, 0.29 
mmol) were added to xylene (30 ml) and the mixture was 
refluxed for about 3 hours. After the completion of the 
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reaction, the reaction mixture was cooled to room 
temperature and added to a mixed solution of THF and H 2 0. 
The organic layer was separated, dried over MgS0 4 and 
then concentrated. The resultant product was purified by 
5 column chromatography and recrystallized in ethyl 
acetate/n-hexane to obtain a compound (6.0 g, 59%). 

3) The compound obtained from step 2) (6.0 g, 8.54 
mmol) was dissolved in trif luoroacetic acid/chloroform = 
50 ml/50 ml and the solution was refluxed for 3 hours. 

10 The reaction mixture was cooled to room temperature, 
quenched with aqueous NaOH solution, extracted with 
methylene chloride and then washed with water many 
times. The resultant product was dried over magnesium 
sulfate and allowed to evaporate. The crude product was 

15 purified by column chromatography (ethyl acetate/hexane 
= 1/9) to obtain a compound (3.8 g, 74%). 

4) The product obtained from step 3) (3.8 g, 6.31 
mmol) , 4-bromophenyl-N-phenyl-l-naphthylamine (1.57 g, 
4.21 mmol), Pd 2 (dba) 3 (0.05 g, 0.084 mmol) and P(t-Bu) 3 

20 (0.017 g, 0.084 mmol) and sodium tert-butoxide (1.21 g, 
12.63 mmol) were added to xylene (30 ml) and the mixture 
was refluxed for about 3 hours. After the completion of 
the reaction, the reaction mixture was cooled to room 
temperature and added to a mixed solution of THF and H 2 0. 

25 The organic layer was separated, dried over MgS0 4 and 
then concentrated. The resultant product was purified by 
column chromatography and recrystallized in ethyl 
acetate/n-hexane to obtain the compound represented by 
formula 193 (1.2 g, 32%). MS [M+H] 895. 

30 <Example 23> Preparation of the compound 

represented by formula 194 

1) The compound represented by formula e (5.0 g, 
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15-38 mmol) and di-tert-butyl-dicarbonate (5.04 g, 23.08 
mmol) were dissolved in 50 ml of THF and 4- 
( dime thylamino) pyridine (0.19 g, 1.54 mmol) was added 
thereto. Then, the reaction mixture was reacted at room 
5 temperature for 24 hours. After the completion of the 
reaction, the reaction mixture was concentrated and 
recrystallized in ethanol to obtain a product (6.16 g, 
94%) . 

2) The product obtained from step 1) (6.16 g, 
10 14.49 mmol), N-phenyl-2-naphthylamine (7.63 g, 34.78 

mmol), sodium tert-butoxide (4.18 g, 43.4 mmol), 
Pd 2 (dba) 3 (0.17 g, 0.29 mmol) and P(t-Bu) 3 (0.06 g, 0.29 
mmol) were added to xylene (30 ml) and the mixture was 
refluxed for about 3 hours. After the completion of the 

15 reaction, the reaction mixture was cooled to room 
temperature and added to a mixed solution of THF and H 2 0. 
The organic layer was separated, dried over MgS0 4 and 
then concentrated. The resultant product was purified by 
column chromatography and recrystallized in ethyl 

20 acetate/n-hexane to obtain a compound (6.0 g, 59%). 

3) The compound obtained from step 2) (6.0 g, 8.54 
mmol) was dissolved in trif luoroacetic acid/chloroform = 
50 ml/50 ml and the solution was refluxed for 3 hours. 
The reaction mixture was cooled to room temperature, 

25 quenched with aqueous NaOH solution, extracted with 
methylene chloride and then washed with water many 
times. The resultant product was dried over magnesium 
sulfate and allowed to evaporate. The crude product was 
purified by column chromatography (ethyl acetate/hexane 

30 = 1/9) to obtain a compound (3.8 g, 74%). 

4) The product obtained from step 3) (3.8 g, 6.31 
mmol) , 4-bromophenyl~N-phenyl-2-naphthylamine (1.57 g, 
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4,21 mmol), Pd 2 (dba) 3 (0.05 g, 0.084 mmol) and P(t-Bu) 3 
(0.017 g, 0.084 mmol) and sodium tert-butoxide (1.21 g, 
12.63 mmol) were added to xylene (30 ml) and the mixture 
was refluxed for about 3 hours. After the completion of 
5 the reaction, the reaction mixture was cooled to room 
temperature and added to a mixed solution of THF and H2O. 
The organic layer was separated,, dried over MgSC>4 and 
then concentrated. The resultant product was purified by 
column chromatography and recrystallized in ethyl 

10 acetate/n-hexane to obtain the compound represented by 
formula 194 (1.2 g, 32%). MS[M+H] 895. 

< Ex ample 24> Preparation of the compound 
represented by formula 197 

1*) The compound represented by formula e (5.0 g, 

15 15.38 mmol) and di-tert-butyl-dicarbonate (5.04 g, 23.08 
mmol) were dissolved in 50 ml of THF and 4- 
(dimethylamino) pyridine (0.19 g r 1.54 mmol) was added 
thereto. Then, the reaction mixture was reacted at room 
temperature for 24 hours. After the completion of the 

20 reaction, the reaction mixture was concentrated and 
recrystallized in ethanol to obtain a product (6.16 g, 
94%) . 

2) The product obtained from step 1) (6.16 g, 
14.49 mmol), 3-methyl-diphenylamine (6.37 g, 34.78 

25 mmol), sodium tert-butoxide (4.18 g, 43.47 mmol), 
Pd 2 (dba) 3 (0.17 g, 0.29 mmol) and P(t-Bu) 3 (0.06 g, 0.29 
mmol ) were added to xylene (30 ml ) and the mixture was 
refluxed for about 3 hours. After the completion of the 
reaction, the reaction mixture was cooled to room 

30 temperature and added to a mixed solution of THF and H 2 0. 
The organic layer was separated, dried over MgS0 4 and 
then concentrated. The resultant product was purified by 
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column chromatography and recrystallized in ethyl 
acetate/n-hexane to obtain a compound (6.3 g, 69%). 

3) The compound obtained from step 2) (6.3 g, 10.0 
mmol) was dissolved in trif luoroacetic acid/chloroform = 

5 50 ml/50 ml and the solution was refluxed for 3 hours. 
The reaction mixture was cooled to room temperature, 
quenched with aqueous NaOH solution, extracted with 
methylene chloride and then washed with water many 
times- The resultant product was dried over magnesium 
10 sulfate and allowed to evaporate. The crude product was 
purified by column chromatography (ethyl acetate/hexane 
= 1/9) to obtain a compound (3.8 g, 71%). 

4) The product obtained from step 3) (3.8 g, 7.17 
mmol) , 4-bromophenyl- (3-methyl) -diphenylamine (1.42 g, 

15 4.21 mmol), Pd 2 (dba) 3 (0.05 g, 0.084 mmol) and P(t-Bu) 3 
(0.017 g, 0.084 mmol) and sodium tert-butoxide (1.21 g, 
12.63 mmol) were added to xylene (30 ml) and the mixture 
was refluxed for about 3 hours. After the completion of 
the reaction, the reaction mixture was cooled to room 

20 temperature and added to a mixed solution of THF and H 2 0. 
The organic layer was separated, dried over MgS0 4 and 
then concentrated. The resultant product was purified by 
column chromatography and recrystallized in ethyl 
acetate/n-hexane to obtain the compound represented by 

25 formula 197 (1.2 g, 36%). MS [M+H] 787. 

<Example 25> Preparation of the compound 
represented by formula 218 

1) The compound represented by formula e (5.0 g, 
15.38 mmol) and di-tert-butyl-dicarbonate (5.04 g, 23.08 

30 mmol) were dissolved in 50 ml of THF and 4- 
(dimethylamino) pyridine (0.19 g, 1.54 mmol) was added 
thereto. Then, the reaction mixture was reacted at room 
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temperature for 24 hours. After the completion of the 
reaction, the reaction mixture was concentrated and 
recrystallized in ethanol to obtain a product (6.16 g, 
94% ) . 

5 2) The product obtained from step 1) (6.16 g, 

14.4 9 mmol) , diphenylamine (5.89 g, 34.78 mmol) f sodium 
ter-t-butoxide (4.18 g, 43.47 mmol) , Pd 2 (dba) 3 (0.17 g, 
0.29 mmol) and P(t-Bu) 3 (0.06 g r 0.29 mmol) were added to 
xylene (30 ml) and the mixture was refluxed for about 3 

10 hours. After the completion of the reaction, the 
reaction mixture was cooled to room temperature and 
added to a mixed solution of THF and H 2 0. The organic 
layer was separated, dried over MgS0 4 and then 
concentrated. The resultant product was purified by 

15 column chromatography and recrystallized in ethyl 
acetate/n-hexane to obtain a compound (5.88 g r 67%). 

3) The compound obtained from step 2) (5.88 g, 
9.7 7 mmol) was dissolved in trif luoroacetic 
acid/chloroform = 50 ml/50 ml and the solution was 

20 refluxed for 3 hours. The reaction mixture was cooled to 
room temperature , quenched with aqueous NaOH solution , 
extracted with methylene chloride and then washed with 
water many times. The resultant product was dried over 
magnesium sulfate and allowed to evaporate. The crude 

25 product was purified by column chromatography (ethyl 
acetate/hexane = 1/9) to obtain a compound (2.9 g, 59%). 

4) The product obtained from step 3) (2.9 g, 57.8 
mmol) , 4-bromophenyl-N-phenyl-l-naphthylamine (1.57 g, 
4.21 mmol), Pd 2 (dba) 3 (0.05 g, 0.084 mmol) and P(t-Bu) 3 

30 (0.017 g, 0.084 mmol) and sodium tert-butoxide (1.21 g, 
12. 63 mmol) were added to xylene (30 ml) and the mixture 
was refluxed for about 3 hours. After the completion of 
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the reaction, the reaction mixture was cooled to room 
temperature and added to a mixed solution of THF and H 2 0. 
The organic layer was separated, dried over MgS0 4 and 
then concentrated. The resultant product was purified by 
5 column chromatography and recrystallized in ethyl 
acetate/n-hexane to obtain the compound represented by 
formula 218 (1.5 g, 49%). MS[M+H] 795. 

<Example 26> Preparation of the compound 
represented by formula 219 

10 1) The compound represented by formula e (5.0 g, 

15.38 mmol) and di-tert-butyl-dicarbonate (5.04 g, 23.08 
mmol) were dissolved in 50 ml of THF and 4- 
( dime thylamino) pyridine (0.19 g, 1.54 mmol) was added 
thereto. Then, the reaction mixture was reacted at room 

15 temperature for 24 hours. After the completion of the 
reaction, the reaction mixture was concentrated and 
recrystallized in ethanol to obtain a product (6.16 g, 
94%) . 

2) The product obtained from step 1) (6.16 g, 
20 14.49 mmol), N-phenyl-2-naphthylamine (7.63 g, 34.78 

mmol), sodium tert-butoxide (4.18 g, 43.47 mmol) , 
Pd 2 (dba) 3 (0.17 g, 0.29 mmol) and P(t-Bu) 3 (0.06 g, 0.29 
mmol) were added to xylene (30 ml) and the mixture was 
refluxed for about 3 hours. After the completion of the 

25 reaction, the reaction mixture was cooled to room 
temperature and added to a mixed solution of THF and H 2 0. 
The organic layer was separated, dried over MgS0 4 and 
then concentrated. The resultant product was purified by 
column chromatography and recrystallized in ethyl 

30 acetate/n-hexane to obtain a compound (6.0 g, 59%). 

3) The compound obtained from step 2) (6.0 g, 8.54 
mmol) was dissolved in trif luoroacetic acid/chloroform = 



81 



WO 2005/090512 

50 ml/50 ml and the solution was refluxed for 3 hours. 
The reaction mixture was cooled to room temperature, 
quenched with aqueous NaOH solution, extracted with 
methylene chloride and then washed with water many 
5 times. The resultant product was dried over magnesium 
sulfate and allowed to evaporate. The crude product was 
purified by column chromatography (ethyl acetate/hexane 
= 1/9) to obtain a compound (3.8 g, 74%). 

4) The product obtained from step 3) (3.8 g, 6.31 

10 mmol ) , 4-bromophenyl-N-phenyl-l-naphthylamine (1.57 g, 
4.21 mmol), Pd 2 (dba) 3 (0.05 g, 0.084 mmol) and P(t-Bu) 3 
(0.017 g, 0.08 4 mmol) and sodium tert-butoxide (1.21 g, 
12.63 mmol) were added to xylene (30 ml) and the mixture 
was refluxed for about 3 hours. After the completion of 

15 the reaction, the reaction mixture was cooled to room 
temperature and added to a mixed solution of THF and H 2 0. 
The organic layer was separated, dried over MgSC>4 and 
then concentrated. The resultant product was purified by 
column chromatography and recrystallized in ethyl 

20 acetate/n-hexane to obtain the compound represented by 
formula 219 (1.2 g, 32%). MS[M+H] 895. 

<Ex ample 27> Preparation of the compound 
represented by formula 252 

The compound represented by formula c (1.00 g, 

25 2.08 mmol), triphenylamine-4-boronic acid (1.99 g, 6.87 
mmol) , 2M potassium carbonate solution (10 ml) and 
tetrakis (triphenylphosphine) palladium (0.07 g, 0.06 
mmol) were added to 4 0 ml of THF. The mixture was 
stirred under reflux for about 24 hours and then cooled 

30 to room temperature. The reaction mixture was added to 
toluene/brine, and then the toluene layer was separated, 
dried over MgS0 4 , filtered and concentrated. The 
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resultant product was purified by column chromatography 
and recrystallized in ethyl acetate/n-hexane to obtain 
the compound represented by formula 252 (1.15 g, 55%). 1 H 
NMR (300 MHz, CDC1 3 ) 6.76-6.82(m, 18H) , 6.92-6.95(m, 6H) , 
5 7.31-7.35(m, 12H) , 7 . 53-7 . 60 (m, 10H) , 7.76-8.07 (m, 6H) ; 
MS [M+H] 973. 

< Ex ample 28> Manufacture of organic light emitting 
device 

A glass substrate on which a thin film of ITO 

10 (indium tin oxide) was coated to a thickness of 1000A 
was immersed in distilled water containing a detergent 
to wash the substrate with ultrasonic waves. The 
detergent was a product commercially available from 
Fisher Co. The distilled water has been filtered twice 

15 by using a filter commercially available from Millipore 
Co. After washing ITO for 30 minutes, washing with 
ultrasonic waves was repeated twice for 10 minutes by 
using distilled water. After the completion of washing 
with distilled water, washing with ultrasonic waves was 

20 carried out by using isopropyl alcohol, acetone and 
methanol, in turn. The resultant substrate was dried and 
transferred to a plasma cleaner. Then, the substrate was 
cleaned for 5 minutes by using oxygen plasma and 
transferred to a vacuum deposition device.* 

25 On the ITO transparent electrode (first electrode) 

prepared as described above, the compound represented by 
the above formula 61 was coated to a thickness of 600A 
by thermal vacuum deposition, thereby forming a hole 
injection layer. Next, NPB as a hole transport material 

30 was coated thereon to a thickness of 4 00 A by vacuum 
deposition. Additionally, Alg3, which serves as light 
emitting/electron injection/electron transport material 
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was coated thereon to a thickness of 500 A by vacuum 
deposition to complete the formation of a thin film of 
organic materials. On the Alq3 layer, lithium fluoride 
(LiF) and aluminum were sequentially vacuum-deposited to 
5 a thickness of 15A and 25O0A, respectively, to form a 
cathode (second electrode). In the above process, 
deposition rate of each organic material was maintained 
at 0.5-1.0 A/sec and deposition rates of lithium 
fluoride and aluminum were maintained at 0.2 A/sec and 

10 2-3 A/sec, respectively. 

The resultant organic electroluminescence device 
showed a spectrum having a luminance of 3.87 cd/A under 
the application of a forward electric field with a drive 
voltage of 7.17V at a current density of 100 mA/cm 2 . 

15 <Example 29> Manufacture of organic light 

exalt ting device 

On the ITO transparent electrode prepared as 
described in Example 28, the compound represented by the 
above formula 62 was coated to a thickness of 800A by 

20 thermal vacuum deposition, thereby forming a hole 
injection layer. Next, NPB as a hole transport material 
was coated thereon to a thickness of 400A by vacuum 
deposition. Additionally, Alq3, which serves as light 
emitting/electron injection /electron transport material 

25 was coated thereon to a thickness of 300A by vacuum 
deposition to complete the formation of a thin film of 
organic materials. The remaining procedure was the same 
as Example 28. 

The resultant organic electroluminescence device 

30 showed a spectrum having a luminance of 3.8 6 cd/A under 
the application of a forward electric field with a drive 
voltage of 7.8V at a current density of 100 mA/cm 2 . 
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<Example 30> Manufacture of organic light emitting 
device 

Example 28 was repeated to manufacture an organic 
electroluminescence device, except that the compound 
5 represented by the above formula 63 was used instead of 
the compound represented by the above formula 61. 

The resultant organic electroluminescence device 
showed a spectrum having a luminance of 3.8 cd/A under 
the application of a forward electric field with a drive 
0 voltage of 7.8V at a current density of 100 mA/cm 2 . 

<Example 31> Manufacture of organic light emitting 
device 

Example 28 was repeated to manufacture an organic 
electroluminescence device, except that the compound 
5 represented by the above formula. 64 was used instead of 
the compound represented by the above formula 61. 

The resultant organic electroluminescence device 
showed a spectrum having a luminance of 3.61 cd/A under 
the application of a forward electric field with a drive 
3 voltage of 8.1V at a current density of 100 mA/cm 2 . 

<Example 32> Manufacture of organic light emitting 
device 

Example 28 was repeated to manufacture an organic 
electroluminescence device, except that the compound 
5 represented by the above formula. 69 was used instead of 
the compound represented by the above formula 61. 

The resultant organic electroluminescence device 
showed a spectrum having a luminance of 3.82 cd/A under 
the application of a forward electric field with a drive 
D voltage of 8.0V at a current density of 100 mA/cm 2 . 

<Example 33> Manufacture of organic light emitting 
device 
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Example 28 was repeated to manufacture an organic 
electroluminescence device, except that the compound 
represented by the above formula 71 was used instead of 
the compound represented by the above formula 61. 
5 The resultant organic electroluminescence device 

showed a spectrum having a luminance of 4 . 4 cd/A under 
the application of a forward electric field with a drive 
voltage of 7.6V at a current density of 100 mA/cm 2 . 

<Example 34> Manufacture of organic light: emitting 
10 device 

Example 28 was repeated to manufacture an organic 
electroluminescence device, except that the compound 
represented by the above formula 72 was used instead of 
the compound represented by the above formula 61. 
15 The resultant organic electroluminescence device 

showed a spectrum having a luminance of 4.15 cd/A under 
the application of a forward electric field with a drive 
voltage of 7.8V at a current density of 100 mA/cm 2 . 

<Ex ample 35> Manufacture of organic light emitting 

2 0 device 

Example 28 was repeated to manufacture an organic 
electroluminescence device, except that the compound 
represented by the above formula 89 was used instead of 
the compound represented by the above formula 61. 
25 The resultant organic electroluminescence device 

showed a spectrum having a luminance of 4.3 cd/A under 
the application of a forward electric field with a drive 
voltage of 7.5 at a current density of 100 mA/cm 2 . 

<Example 36> Manufacture of organic light emitting 

3 0 device 

Example 28 was repeated to manufacture an organic 
electroluminescence device, except that the compound 
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represented by the above formula 95 was used instead of 
the compound represented by the above formula 61. 

The resultant organic electroluminescence device 
showed a spectrum having a luminance of 4.5 cd/A under 
5 the application of a forward electric field w±th a drive 
voltage of 7.3V at a current density of 100 mA/cm 2 . 

<Ex ample 37> Manufacture of organic light emitting 
device 

Example 2 8 was repeated to manufacture an organic 
10 electroluminescence device, except that the compound 
represented by the above formula 96 was used instead of 
the compound represented by the above formula 61. 

The resultant organic electroluminescence device 
showed a spectrum having a luminance of 4.4 cd/A under 
15 the application of a forward electric field with a drive 
voltage of 7.2V at a current density of 100 mA/cm 2 . 

<Example 38> Manufacture of organic light emitting 
device 

Example 28 was repeated to manufacture an organic 
20 electroluminescence device, except that the compound 
represented by the above formula 113 was used instead of 
the compound represented by the above formula 61. 

The resultant organic electroluminescence device 
showed a spectrum having a luminance of 4.2 cd/A under 
25 the application of a forward electric field w±th a drive 
voltage of 7.7V at a current density of 100 mA/cm 2 . 

<Example 39> Manufacture of organic light emitting 
device 

Example 28 was repeated to manufacture an organic 
30 electroluminescence device, except that the compound 
represented by the above formula 114 was used instead of 
the compound represented by the above formula 61. 
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The resultant organic electroluminescence device 
showed a spectrum having a luminance of 4.1 cd/A under 
the application of a forward electric field with a drive 
voltage of 7.6V at a current density of 100 mA/cm 2 . 
5 <Example 40> Manufacture of organic light emitting 

device 

Example 2 8 was repeated to manufacture an organic 
electroluminescence device, except that the compound 
represented by the above formula 120 was used instead of 

10 the compound represented by the above formula 61- 

The resultant organic electroluminescence device 
showed a spectrum having a luminance of 3.98 cd/A under 
the application of a forward electric field with a drive 
voltage of 7.8V at a current density of 100 mA/cm 2 . 

15 <Exaraple 41> Manufacture of organic light emitting 

device 

On the ITO transparent electrode prepared as 
described in Example 28, the compound represented by the 
above formula 192 was coated to a thickness of 800A by 

20 thermal vacuum deposition, thereby forming a hole 
injection layer. Next, NPB as a hole transport material 
was coated thereon to a thickness of 300A by vacuum 
deposition. Additionally, Alq3, which serves as light 
emitting/electron in j ection/electron transport material 

25 was coated thereon to a thickness of 300A by vacuum 
deposition to complete the formation of a thin film of 
organic materials. The remaining procedure was -fche same 
as Example 28. 

The resultant organic electroluminescence device 

30 showed a spectrum having a luminance of 3.7 cd/A under 
the application of a forward electric field with a drive 
voltage of 6.7V at a current density of 100 mA/cm 2 . 
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<Example 42> Manufacture of organic light emitting 

device 

Example 41 was repeated to manufacture an organic 
electroluminescence device, except that the compound 
5 represented by the above formula 193 was used instead of 
the compound represented by the above formula 192* 

The resultant organic electroluminescence device 
showed a spectrum having a luminance of 3.6 cd/A under 
the application of a forward eZLectric field with a drive 
10 voltage of 6.9V at a current density of 100 mA/cm 2 . 

<Ex ample 43> Manufacture of organic light emitting 
device 

Example 41 was repeated to manufacture an organic 
electroluminescence device, except that the compound 
.15 represented by the above formula 194 was used instead of 
the compound represented by the above formula 192. 

The resultant organic electroluminescence device 
showed a spectrum having a luminance of 3.5 cd/A under 
the application of a forward eHectric field with a drive 
20 voltage of 6.8V at a current density of 100 mA/cm 2 . 

<Example 44> Manufacture of organic light emitting 
device 

Example 41 was repeated to manufacture an organic 
electroluminescence device, except that the compound 
25 represented by the above formula 197 was used instead of 
the compound represented by the above formula 192. 

The resultant organic electroluminescence device 
showed a spectrum having a luminance of 3.9 cd/A under 
the application of a forward electric field with a drive 
30 voltage of 6.9V at a current density of 100 mA/cm 2 . 

<Example 45> Manufacture of organic light emitting 
device 
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Example 41 was repeated to manufacture an organic 
electroluminescence device r except that the compound 
represented by the above formula 218 was used instead of 
the compound represented by the above formula 192. 
5 The resultant organic electroluminescence device 

showed a spectrum having a luminance of 3.8 cd/A under 
the application of a forward electric field with a drive 
voltage of 6.8V at a current density of 100 mA/cm 2 . 

<Example 46> Manufacture of organic light emitting 
10 device 

Example 41 was repeated to manufacture an organic 
electroluminescence device, except that the compound 
represented by the above formula 219 was used instead of 
the compound represented by the above formula 192. 
15 The resultant organic electroluminescence device 

showed a spectrum having a luminance of 3.6 cd/A under 
the application of a forward electric field with a drive 
voltage of 6.8V at a current density of 100 mA/cm 2 . 

<Exaraple 47> Manufacture of organic light emitting 

20 device 

Example 41 was repeated to manufacture an organic 
electroluminescence device r except that the compound 
represented by the above formula 252 was used instead of 
the compound represented by the above formula 192. 
25 The resultant organic electroluminescence device 

showed a spectrum having a luminance of 3.2 cd/A under 
the application of a forward electric field with a drive 
voltage of 6.88V at a current density of 100 mA/cm 2 . 

30 As can be seen from the above Examples,. the 

organic electroluminescence device using the compound 
according to the present invention as a hole injection 
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material can provide excellent electroluminescence 
effect as demonstrated by a luminance of 3.2-4.5 cd/A 
under a forward electric field of about 6.88V at a 
current density of 100 mA/cm 2 . In other words, when the 
compound according to the present invention is used as 
hole injection material in an organic 

electroluminescence device comprising NPB as hole 
transport material and Alq3 as light emitting/electron 
injection/electron transport material , it is possible to 
improve electroluminescence effect significantly 
compared to conventional devices. 

Xndust:rial Applicability 

As can be seen from the foregoing, novel compounds 
15 according to the present invention can realize 
improvements in luminous efficiency and lifespan, when 
they are used in organic compound layers of an organic 
electroluminescence (EL) device, which is one of light 
emitting devices. Therefore, the compound according to 
20 the present invention can be advantageously used in the 
field of electric devices including organic light 
emitting devices. 



PCI7KR2005/000794 



5 



10 



91 



! ) i ) 

WO 2005/090512 PCT/KR2005/000794 



Claims 

1. A compound represented by the following formula 

1: 



[formula l] 
(A)i 




R2 R2 
I 1 
wherein A is - [R1 — N— ] D r -[R1-N — Ar— ]. 

R4 R4 

I I 

B is - [ R3 — N — ] or -[R3— N-Ar — ] ; 

R6 R6 
I i 
C is -[R5-N-] or -[R5-N-Ar-] ; 

R8 ? 10 
D is H, -[R7-N- ] or .[RQ-N-Ar- ]; 

10 Rl to R10 are the same or different and each 

comprises, only once or repeatedly at least two times, 
at least one selected from the group consisting of a 
hydrogen atom; aliphatic hydrocarbon having 1-20 carbon 
atoms; aromatic hydrocarbon non-substituted or 

15 substituted with a nitro, nitrile, halogen, aLkyl, 
alkoxy or amino group; silicon group having an aromatic 
substituent; heterocyclic aromatic hydrocarbon non- 
substituted or substituted with a nitro, nitirile, 
halogen, alkyl, alkoxy or amino group; thiophene group 

20 substituted with a C1-C20 hydrocarbon or C6-C24 aromatic 
hydrocarbon; and a boron group substituted with an 
aromatic hydrocarbon; 
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Ar is an aromatic hydrocarbon non-substitu*ted or 
substituted with a nitro, nitrile, halogen, alkyl, 
alkoxy or amino group; and 

each of 1, m and n is an integer of 1 or more and 
o is an integer of 0 or more; 

with the proviso that the compound represented by 
formula 1 wherein Rl, R2, R3, R4 , R5 and R6 represent 
hydrogen atoms simultaneously and D is also a hydrogen 
atom is excluded. 



10 



15 



2. The compound according to claim 1, wherein the 
aromatic hydrocarbon includes phenyl, biphenyl, 
terphenyl, naphthyl, anthracenyl, phenanthrene, pyrenyl 
and perylenyl. 



3. The compound according to claim 1, wherein the 
heteroaromatic hydrocarbon includes thiophene, furan, 
pyrrole, imidazole, thiazole, oxazole, oxadiazole, 
thiadiazole, triazole, pyridyl, pyridazyl, pyirazine, 

20 quinoline and isoquinoline . 

4. The compound according to claim 1, wherein the 
compound is represented by any one formula selected from 
the group consisting of the following formulae 2a-2e: 

25 [formula 2a] 



93 



9 \ 

WO 2005/090512 



; 

PCT/KR2005/000794 




[formula 2d] 
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[formula 2e] 




( ^ ) ( ^ i 



wherein each of 1, m, n, o and R1-R8 is the same as 
5 defined in claim 1 . 
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5. The compound according to claim 1, wherein the 
compound is represented by any one formula selected from 
the following formulae 3a-3n: 
[formula 3a] 



R1 



2 R3 




R5 R6 



[formula 3b] 
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R2 R3 



5 



R5^ 
rsl 



*6 

[formula 3c] 



N - R3 

R1 R4 




RS'^RS 



[formula 3d] 

N' R3 

«, X M 

I 

R6 

[formula 3e] 




R5 R6 



[formula 3f] 

R2 R3 
I i 

R1 " N "Ar_^ ^ ^Ar' N "R4 



R5 
R6 

10 [formula 3g] 
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5 



R1 



R4 



R5^R6 



[formula 3h] 



1 

R6 



[formula 3il 



R2 R3 

xxxx 



[formula 3j] 



R2 R3 
1 1 

R1 Ar ^Ar R4 



I 

R6 




10 [formula 3k] 
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R1 f^Sl R4 




At 



R5 R6 



[formula 31) 



R5 




I 

R6 



[formula 3m] 

R6 RB 

[formula 3n] 

R2 R3 
I I 




I I 
R6 R8 

wherein each of R1-R8 is the same as defined in 
claim 1. 

6. The compound according to claim 1, wherein the 
compound represented by formula 1 is any one of 
compounds represented by the following formulae 61-227: 



98 



WO 2005/090512 



' PCT/KR2005/000794 





formula 71 formula 72 
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formula 8 9 formula 90 
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formula 97 formula 98 




formula 103 formula 104 
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formula 111 formula 112 



107 




formula 117 formula 118 
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OMe MeO 



OMe 



OMe 







OMe 



formula 125 
OMe OMe 





OMe 
formula 127 
.CN NC V 




"*CN 

formula 12 9 




OMe 

formula 126 
CN NC 





OuO 




CN 




formula 128 
CN NC. 





"1XOXO 





CN 

formula 130 
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formula 131 



OMe 



MeO 



formula 133 



OMe 



OMe 



OMe 



OMe 



formula 135 



6. 




N0 2 O z N. 







N0 2 

formula 132 

OMe 



MeO 



XYTX 

MeO^^ ^^OMe 

formula 134 

OMe OMe 
OMe 

formula 136 



a N xr 



OMe 



formula 137 



formula 138 
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formula 143 formula 144 
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OMe OMe 

formula 14 5 




formula 14 9 




113 




formula 14 6 




formula 14 8 




OMe OMe 
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formula 151 



OMe OMe 




OMe OMe 

formula 153 




5 formula 155 




formula 157 




OMe 



formula 159 
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formula 152 




formula 158 

OMe OMe 




OMe 



OMe OMe 



formula 160 
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formula 17 7 



formula 17 8 
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v v 



formula 179 



CN 



CN 



cr<9 



formula 181 



formula 180 



NO, 



NQ 2 




formula 182 



Me. 



JXOy» K^OgCX- a,ixax) 



Me 



Me 



Me 



Me Me 



formula 183 



formula 18 4 



Or""- 



formula 185 



a"" 







formula 186 



formula 187 



formula 188 
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formula 201 formula 202 formula 203 




OMe 



10 formula 208 



formula 209 



formula 210 
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formula 217 formula 218 formula 219 
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696 



OMe 



OMe 





formula 22 0 




II II 




6 6 6 



formula 221 

696 



formula 22 3 



formula 22 4 



696 



formula 222 



OMe 



OMe 



6 6 6 



formula 225 





formula 226 



formula 227 



7. An organic light emitting device comprising a 
first electrode , a second electrode and one or more 
10 organic compound layers disposed between both the 
electrodes, wherein at least one of the organic compound 
layers comprises at least one compound as defined in any 
one of claims 1 to 6. 



15 8. The organic light emitting device according to 

claim 7, wherein the organic compound layer comprising 

at least one compound as defined in any one of claims 1 

to 6 is a hole injection/hole transport layer having 
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10 



15 



20 



hole injection and hole transport functi 



ons . 



9. The organic light emitting device according to 
claim 7, wherein the organic compound layer comprising 
at least one compound as defined in any one of claims 1 
to 6 is a hole injection/hole transport/light emitting 
layer having hole injection, hole transport and light 
emitting functions. 

10. The organic light emitting device according to 
claim 7, wherein the organic compound layer comprising 
at least one compound as defined in any one of claims 1 
to 6 is a hole injection layer having hole injection 
function . 

11. The organic light emitting device according to 
claim 7, which comprises a substrate, anode, hole 
injection layer, hole transport layer, organic light 
emitting layer, electron transport layer and a cathode, 
from the bottom, wherein the organic compound layer 
comprising at least one compound as defined in any one 
of claims 1 to 6 is at least one selected from the group 
consisting of the hole injection layer, hole transport 
layer and the light emitting layer. 
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(57) Abstract: The invention relates to new triarylamine derivatives containing special space- 
filling wing groups and to the use thereof as a hole transport material in electro graphic and 
electroluminescent devices. In the triarylamine derivatives, n=l-10, R 1 - R 4 represent option- 
ally substituted phenyl, biphenylyl, methylphenyl, naphthyJ, phenanthrenyl, anthracenyl, flu- 
orenyl, triaryl methyl aryl, or triarylsilyl aryl; Ar represents a biphenylene or a substituted 
fluorenylene bridge, or Ar represents a substituted biphenylene, triphenylene, or tetrapheny- 
lene bridge if n=l. 



(57) Zusammenfassung: Die Erfindung betrifft neue Triaryl amin-Derivate, die mit speziellen raumTiillenden Flugelgruppen aus- 
gestattet sind, und deren Einsatz als Lochtransportmaterial in elektrofotografischen und elektrolumineszierenden Vorrichtungen. 
Bei den Triaryl ami n-Derivaten ist n =1-10, R 1 - R 4 sind Phenyl, Biphenylyl, Methylphenyl, Naphthyl. Phenanthrenyl, Anthracenyl, 
Fluorenyl, Triarylmethyl-aryl oder Triarysilyl-aryl, die substituiert sein konnen; Ar ist eine Biphenylen- oder eine substituierte Flu- 
orenylenbriicke, oder Ar ist eine substituierte Biphenylen-, Triphenylen oder Tetraphenylenbriicke, wenn n=l ist. 
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Triarylamin-Derivate und Verwendung in organischen elektrolumineszenten und 
elektrofotografischen Vorrichtungen 

Die Erflndung betrifft neue Triarylamin-Derivate, die mit speziellen raumfullenden Flugel- 
gruppen ausgestattet sind ( und deren Einsatz als Lochtransportmaterial in elektrofotografi- 
schen und elektrolumineszierenden Vorrichtungen. 

Elektrofotografische und elektrolumineszierende Vorrichtungen und der Einsatz von 
Triarylamin-Derivaten, darunter Triarylamin-Di- und Tetrameren, sind seit langem bekannt. 

Gegenwflrtig wird als bevorzugtes Leuchtmaterial Tris(-8-hydroxychinolino)- 
aluminium eingesetzt, dessen Elektrolumineszenz bereits seit 1965 bekannt ist. Dieser Me- 
tall-Chelat-Komplex, gegebenenfalls dotiert mit Cumarin luminesziert grun, wobei als Metall 
auch Beryllium Oder Gallium eingesetzt werden kann. 

Obwohl zur Erzeugung des Lumineszenz-Effektes anfSnglich eine relativ hohe An- 
steuerspannung von mehr als 10 Volt erforderiich war, konnte durch die Anordnung einer 
zusatzlichen Lochtransportschicht zwischen Anode und Leuchtschicht eine Reduzierung der 
erforderlichen Spannung auf unter 10 Volt erreicht werden. 

Als Lochtransportmaterialien werden neben Phthalocyaninen Oder Biphenylyl- 
Oxadiazol-Derivaten bevorzugt N.N'-Diphenyl-N.N'-bistm-tolyl^benzidin (TPD) sowie N.NT 
Diphenyl-N,N'-di-naphth-1-yl-benzidin (a-NPD) eingesetzt. 

Auf Grund ihrer guten Ladungstransporteigenschaften ist der Einsatz von Triarylamin- 
Derivaten, insbesondere auch von den entsprechenden Dimeren, in elektrofotografischen 
und elektrolumineszenten Anwendungen bereits leit lingerer Zeit bekannt. Speziell 

N.N'-BisH'-N^-diphenylamino-biphenylyOJ-N^'-diphenyl-benzidin (EP0650955A1) 
und N.N'-Bis^X-N-phenyl-N-naphth-lyl-amino-biphenylyOJ-N.N-diphenyl-benzidin 
(JP2000260572) werden allein Oder im Doppelschichtverband mit TPD Oder a-NPD einge- 
setzt 

Insgesamt entsprechen die Lebensdauer und der Wirkungsgrad bzw. sein zeitlicher 
Verlauf bei den bekannten elektrolumineszenten Vorrichtungen derzeit nicht den Anforde- 
rungen der Praxis und sind verbesserungsbedurftig. Unbefriedigend sind ebenso die Filmbil- 
dungseigenschaften der eingesetzten Ladungstransportmaterialen sowie deren morphologi- 
sche Stablitat innerhalb einer Bindemittelschicht. Insbesondere die Neigung einer die ge- 
nannten Ladungstransportmaterialien enthaltenden Schicht im Verlaufe der Betriebsdauer 
einer elektrolumineszenten Vorrichtung oder Anordnung innerhalb der Schicht Kristalli- 
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sationszentren auszubilden, hangt in groBem Ma&e von der Glasubergangstemperatur der 
eingesetzten Materialien ab. Je hoher die Glasubergangstemperatur ist, desto geringer ist im 
allgemeinen die Rekristallisationsneigung bei einer gegebenen Temperatur, wobei die Kris- 
tallisationsgeschwindigkeit unterhalb der Glasubergangstemperatur extrem gering ist Ver- 
bindungen mit hoher Glasubergangstemperatur lassen daher eine hohe zulSssige Arbeits- 
temperatur der damit hergestellten Anordnungen erwarten. 

Eine hohe Glasubergangstemperatur wird in starkem Ma&e durch die Existenz raum- 
fullender, sterisch anspruchsvoller Gruppen begunstigt. 

Aufgabe der Erfindung ist es, neue Verbindungen bereitzustellen, die sich als La- 
dungstransportmaterialien eignen mit Glasubergangstemperaturen im Bereich von 100°C t 
bevorzugt 150°C I bis 250°C und damit den Arbeitsbereich der mit diesen Verbindungen her- 
gestellten elektrolumineszenten Anordnungen auf Temperaturbereiche von 100°C bis ca. 
200°C auszudehnen. 

ErfindungsgemSS entsprechen die neuen Triarylamin-Derivate der allgemeinen For- 

mel 1 



worin n eine ganze Zahl von 1 - 10 ist; 

R\ R 2 , R 3 und R 4 , die gleich Oder verschieden sind, sind 

Phenyl, Biphenylyl, Methylphenyl, Naphthyl, Phenanthrenyl, Anthracenyl, Fluorenyl, Triaryl- 
methyl-aryl Oder Triarysilyl-aryl, 

wobei wenigstens einer der Reste R 1 bis R 4 Triarylmethyl-aryl Oder Triarysilyl-aryl der Formel 



R1 f 
N-Ar-N, 
R2 




1 



4 



R10 




R12 



4 
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ist, worin die aromatischen Oder heteroaromatischen Einheiten X 1 bis X 4 , die gleich oder ver- 
schieden sind, Phenyl, Naphthyl, Anthracenyl, Phenanthrenyl, Pyrenyl, Pyridyl oder Chinolyl 
sind, und worin R 10 , R 11 , R 12 und R 13 , die gleich oder verschieden sind, die Bedeutung H, Ci 
bis CrAlkyl. Cycloalkyl, Cj bis CMIkenyl, d bis C 4 -Alkoxy, Ci bis C-Dialkylamino, Diary- 
lamino, Halogen, Hydroxy, Phenyl, Naphthyl oder Pyridyl haben, 
und worin R 1 bis R 4 in der Bedeutung Phenyl, Biphenylyl, Methylphenyl, Naphthyl. Phe- 
nanthrenyl, Anthracenyl, Fluorenyl durch einen oder mehrere Substituenten C, bis CyAlkyl, 
Ci bis Cr-Alkoxy Oder Halogen substituiert sein konnen; 
Ar ist eine Struktur der Formel 2 oder 3 





2 3 
wobei bei n>1 die Struktur Ar gleich Oder verschieden sein kann und 
worin Z in Formel 3 aus folgenden Stoikturen ausgewShlt ist 



V 

R5' n R6 



^9 



worin R 5 bis R 9 , die gleich Oder verschieden sind, H oder Ci bis Cis-AlkyI sind, oder R 5 und 
R 8 oder R 7 und R 8 bilden zusammen einen 5- oder 6-gliedrigen alicyclischen oder heterocyc- 
lischen Ring und bilden somit zusammen mit dem FQnfring, an den sie gebunden sind, ein 
Spiro-Ringsystem, wobei O, N oder S die heterocyclischen Elemente sein k6nnen; 
oder Ar ist eine Struktur der Formel 29, 30, 31 oder 32 




29 
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und worin R 20 bis R 27 , die gleich Oder verschieden sind, die Bedeutung H, Phenyl, d bis C5- 
Alkyl Oder C1 bis CyAlkoxy haben und die Strukturen 29, 30, 31 Oder 32 mit den jeweils be- 
nachbarten Stickstoffatomen in beliebiger freier Substitionsposition verbunden sind, 
mit der Ma&gabe, dass wenn n = 1 Oder 2 und Ar Biphenylen Oder eine der Gruppen gemafc 
Formeln 29 bis 32 ist, wenigstens einer der Reste R 1 bis R 4 ein Triarysilyl-arylrest Oder eine 
substituierte Triarylmethyl-aryl-Einheit gemaB obiger Formel 4 ist wobei R 10 bis R 12 die oben 
genannte Bedeutung haben. 

BevorzugteTriarylamin-Derivate sind solche der Formel 1, worin n eine ganze Zahl 
von 1 bis 4 ist, insbesondere ist n gleich 1 oder 2. 

Bevorzugte Reste Reste R 1 bis R 4 in Formel 1 haben die Bedeutung Phenyl, Biphe- 
nylyl, Methylphenyl, Naphthyl, Fluorenyl, Triarylmethyl-aryl Oder Triarysilyl-aryl. 

Bevorzugte Reste R s bis R 9 , die gleich oder verschieden sein kSnnen, haben die Be- 
deutung Methyl oder Phenyl. 

In einer weiteren AusfGhrungsform der Erfindung bilden die Reste R 6 und R e zusam- 
men mit dem C-Atom, an das sie gebunden sind, einen Spiroalkan-Ring. 

Bevorzugte Reste R 20 bis R 27 , die gleich oder verschieden sein k6nnen, sind Wasser- 
stoff, Methyl oder Phenyl. 
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Fur den Fall, dass unter den Strukturen Ar mindestens eine Einheit gemSB Formel 3 
enthalten ist, stellt bevorzugt mindestens einer der Reste R1 bis R4 eine eine Triarylsilyl-aryl- 
oder substituierte Triarylmethyl-aryl-Einheit gemSB Formel 4 dar. 

Fur den Fall, dass die Strukturen Ar ausschlieSlich aus Einheiten gemSfc Formel 2 
bestehen, stellt bevorzugt mindestens einer der Reste R1 bis R4 
eine Triarylsilyl-aryl-Einheit gemSB Formel 4, Oder eine Triarylmethyl-aryl-Einheit gemSR 
Formel 4, mit der MaSgabe, dass in diesem Falle mindestens einer der Reste R 10 bis R 13 
ungleich H sind, 

Oder eine Triarylmethyl-aryl-Einheit gemafc Formel 4, mit der Ma&gabe, dass in diesem Falle 
mindestens einer der Reste X 1 bis X 4 ein Heteroaromat ist, dar. 

Die Reste R 10 bis R 13 sind vorzugsweise H. Phenyl, Ci bis Ca-Alkyl, Ci bis CrAlkoxy 
Oder Halogen. 

Besonders bevorzugt sind Methyl oder Phenyl. 

Halogen ist vorzugsweise F oder CI. 
Eine bevorzugte Ausfuhrungsform der Erfindung betrifft Triarylamin-Derivate der allgemeinen 
Formel 




worin 

n eine ganze Zahl von 1 - 10 ist; R 1 , R 2 , R 3 und R 4 , die gleich oder verschieden sind, 
sind Phenyl, Biphenyl, Methylphenyl, Naphthyl, Phenanthrenyl, Anthracenyl, Fluorenyl, 
Triphenylmethyl oder Triphenylsilyl, wobei wenigstens einer der Reste R 1 bis R 4 Triphenyl- 
methyl oder Triphenylsilyl der Formel 4 ist 




A=C, Si 



4 



WO 03/064373 PCT/DE02/04758 

6 

worin R 10 , R 11 und R 12 , die gleich Oder verschieden sind, die Bedeutung H, Ci bis Ce-Alkyl. 
Cycloalkyl, Ca bis C4-Alkenyl, C t bis C-rAlkoxy Oder Halogen haben, 
und worin R 1 bis R 4 durch einen Oder mehrere Substituenten substituiert sein kdnnen; 
Ar 1st 




worin Z aus folgenden Strukturen ausgewahlt ist 



V v sf ^ V 

R5' >{6 R7' -R8 



worin R 5 bis R 9 , die gleich Oder verschieden sind, H Oder Ci bis Cs-Alkyl sind, 
mit der MaBgabe, dass wenn n = 1 und Ar Biphenyl der Formel 5 ist, wenigstens einer der 
Reste R 1 bis R 4 ein Triphenylsilylrest germSB obiger Formel 4 ist, wobei R 10 bis R 12 die oben 
genannte Bedeutung haben. Die o.g. bevorzugten Bedeutungen von Ar und R 1 bis R 27 gel- 
ten auch fur diese Ausfuhrungsform. 

Die Erfindung betrifft weiterhin eine organische elektrolumineszente Vonichtung mit 
wenigstens einer Lochtransportschicht und einer lumineszenten Schicht, wobei wenigstens 
eine Lochtransportschicht ein Triarylaminderivat gemSB Formel 1 enthSIt 

Eine weitere Ausfuhrungsform der Erfindung besteht darin, dass die organische e- 
lektrolumineszente Vorrichtung eine lumineszente Schicht aufweist, die ein Triarylaminderi- 
vat gemaB Forme! 1 enthSlt. 

Die Erfindung betrifft auch die Verwendung von Triarylamin-Derivaten gemaS Formel 
1 als Lochtransportsubstanz oder lumineszente Substanz in einer organischen elektrolumi- 
neszenten Vorrichtung sowie die Verwendung von Triarylamin-Derivaten gemSB Formel 1 
als Lochtransportsubstanz in einer elektrofotografischen Anordnung. 

Eine elektrofotograflsche Vorrichtung ist typischerweise folgendermaBen aufgebaut 
Ober einer elektrisch leitenden Metallschicht , die entwederauf einer flexiblen Unteriage auf- 
gebracht sein oder aus einer Aluminiumtrommel bestehen kann, befindet sich eine Ladungs- 
erzeugungsschicht , die die Aufgabe hat, bei Belichtung positive LadungstrSger in die La- 
dungstransportschicht zu injizieren. Die Anordnung wird vorder bildmSBigen Belichtung 
elektrostatisch auf mehrere hundert Volt aufgeladen. Unter dem EinfluB der dadurch hervor- 
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gerufenen hohen FeldstSrke - die Dicke der Ladungserzeugungs- und -transportschicht be- 
trSgt typischerweise 16-25 Mm -wandem die injizierten positiven LadungstrSger(Elektronen- 
0 L6cher") zur negativ aufgeladenen Ladungstransportschicht und fOhren damit zur Entladung 
der Oberfiache in den von Licht getroffenen Bereichen. In den anschlieSenden Schritten 
eines elektrofotografischen Zyklus wird die bildmaaig geladene (bzw. entladene) Oberfiache 
getonert, der Toner gegebenenfalls auf ein zu bedruckendes Material ubertragen, dortfixiert, 
und abschlieBend uberschussiger Toner und Restladung entfemt 

Eine elektrolumineszierende Vorrichtung besteht im Prinzip aus einer oder mehreren 
Ladungstransportschichten, welche zwischen zwei Elektroden, von denen mindestens eine 
transparent ist, angeordnet ist und eine organische Verbindung enthait. Dabei werden bei 
einer angelegten Spannung von der Metallelektrode (meist Ca, Mg oder Ai, oft in Verbindung 
mit Silber) aufgrund geringer Austrittsarbeit Elektronen und und von der Gegenelektrode 
Ldcher in die organische Schicht injiziert, rekombinieren dort und bilden Singulett-Exzitonen. 
Diese gehen nach kurzer Zeit in den Grundzustand uber und emittieren dabei Licht . 

Eine zusStzliche Trennung von Elektronentransportschicht und Elektrolumineszenz- 
schicht fuhrt zu einer Erhdhung der Quantenausbeute. Gleichzeitig kann nun die Elektrolu- 
mineszenzschicht sehrdunn gewahlt werden. Durch die Austauschbarkeit des fluoreszieren- 
den Materials unabhangig von dessen Elektronentransportverhalten kann die Emissionswel- 
lenldnge gezielt im gesamten sichtbaren Spektralbereich eingestellt werden. 

Ebenso ist eine Aufspaltung der Lochtransportschicht in zwei Teilschichten und mit 
unterschiedlicher Zusammensetzung mdglich. 

Erfindungsgemaa besteht die organische elektrolumineszente Vorrichtung aus einem 
Schichtverband, bestehend aus einer Kathode, einer Elektrolumineszenzschicht, welche eine 
organische Verbindung enthait, und einer Anode, wobei die organische Verbindung in der 
Loch-Transportschicht ein Triarylamin-Derivat der allgemeinen Formel 1 ist 

Ein bevorzugter Aufbau besteht aus folgenden Schichten: 
Substrat - transparente Anode - Lochtransportschicht - Elektrolumineszenzschicht - Elekt- 
ronentransportschicht - Kathode. 

Die Kathode, welche aus AI, Mg, In, Ag oder Legierungen dieser Metalle bestehen 
kann, hat eine Dicke zwischen 100 und 5000 A. Die transparente Anode kann aus Indium- 
Zinn-Oxid (ITO) mit einer Dicke von 1000 - 3000 A, einer Indium-Antimin-Zinn-Oxid- 
Beschichtung oder einer semitransparenten Goldschicht bestehen, welche sich auf einem 
Glassubstrat befindet 
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Die elektrolumineszlerende Schicht , die Tris(-8-hydroxychinolino)-aluminium gemaB Formel 




als ublichen lumineszieren Stoff enthalt, enthalt gegebenenfalls weitere fluoreszierende Stof- 
fe wie z. B. substituierte Triphenylbutadiene und/oder 1,3,4-Oxadiazol-Derivate, Distyrylary- 
len-Derivate, Chinacridone, Salizyliden-Zn-Komplexe, Zink-Chelat-Komplexe, mit DCM do- 
tierte Aluminium-Chelat-Komplexe, Squarin-Derivate. 9,10-Bissytrylanthracen-Derivate oder . 
Europium-Komplexe. Sie kann jedoch auch ausschlieBlich erfindungsgemaBe lumineszie- 
rende Verbindungen enthalten oder Gemische davon mit bekannten lumineszierenden Stof- 
fen. 

Typische Beispiele fQr Triarylamin-Derivate nach der allgemeinen Formel 1 sind: 
Typische Beispiele fur Triarylamin-Derivate nach der allgemeinen Formel 1 sind: 





6 
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25 
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In den folgenden Tabellen 1 und 2 sind bevorzugte Ausfuhrungsformen fur die Strukturein- 
heiten Ar und die Reste R x (R 1 bis R 4 ) gema& Fonmel 1 angegeben. 
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Tabelle 2: R x 
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5 Auf Basis der vorstehend angegebenen Tabellen fiir Ar und R n geben die folgenden Tabellen 
3, 4 und 5 die Zusammensetzung bevorzugter konkreter Beispielverbindungen gema& der 
allgemeinen Formel 1 fur unterschiedliche Werte n wieder. 

10 Tabelle 3: 

N-Ar(1)-N 
R2 fc4 

20 





R< 


Ar(1) 




R" 


100 


118 




100 


118 


100 


119 




100 


119 


100 


120 




100 


120 


100 


121 




100 


121 


100 


122 




100 


122 


100 


123 




100 


123 


100 


124 




100 


124 


100 


125 




100 


125 


100 


126 




100 


126 


100 


127 




100 


127 


100 


128 




100 


128 


101 


120 




100 


100 


101 


121 




101 


121 


! 101 


122 




101 


122 


101 


. 123 




101 


123 


101 


124 




101 


124 


101 


125 




101 


125 


101 


126 




101 


126 


101 


127 




101 


127 


101 


128 




101 


128 


102 


123 




102 


123 


102 


124 


001 


102 


124 


103 


120 


103 


120 


105 


120 




105 


120 


107 


121 




107 


121 


110 


119 




110 


119 


111 


124 




111 


124 


111 


128 




111 


128 


112 


118 




112 


118 


112 


119 




112 


119 


112 


120 




112 


120 


112 


121 




112 


121 


112 


122 




112 


122 


112 


123 




112 


123 


112 


i 124 




112 


124 


112 


125 




112 


125 


112 


126 




112 


126 


112 


127 




112 


127 


! 112 


128 




112 


I 128 


113 


124 




113 


124 


115 


124 




115 


124 


124 


124 




124 


124 


129 


127 




129 


127 


129 


128 




129 


128 


100 


120 




100 


120 


I 100 


124 


002 


100 


124 


100 


128 




100 


128 


102 


124 


I 


102 


124 
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R 1 


1 K 2 




R 3 


K 


100 


117 




100 


1 17 
11/ 


100 


124 




100 


174 


100 


118 




100 


lift 
1 10 


101 


117 


003 


102 


1 17 
11/ 


101 


124 


101 


174 


103 


120 




103 


I7n 

IX- vs 


103 


124 




101 


174 
lZ*t 


112 


121 




117 
11X 


1x1 


100 


117 

AX/ 




inn 

1UU 


1 IT ^ 

117 


100 


124 




inn 

1UU 


1 Oil 

124 


101 


117 




mi 


117 


100 


117 




inn 


t in 

117 


100 


124 




inn 


1 74 


101 


123 


005 


mi 


177 
1ZJ 


101 


! 117 


101 


1 17 
11/ 


103 


117 




103 


1 17 
11/ 


103 


i 122 




103 


122 


100 


117 




100 


117 
11/ 


100 


124 




100 


174 

1XH 


101 


123 


006 


101 


171 

1ZO 


101 


117 


101 


117 

11/ 


103 


117 




103 


1 17 

XX/ 


103 


122 




103 


122 


100 


117 




100 | 


117 


100 


121 


007 


100 


121 


101 


123 


101 


123 


103 


118 




103 


118 


100 


117 1 




100 


117 

XX/ 


100 


124 


008 


100 


174 


101 


124 




101 


174 


100 


117 




100 


1 17 
11/ 


100 


124 


009 


100 


174 


101 


124 




101 


124 


100 


124 




100 


124 


100 


117 


009 


100 


117 

IX/ 


102 


117 


102 


1 17 

11/ 


102 


124 




102 


124 


100 


117 




100 


117 

XX/ 


100 


124 


010 


100 


124 


101 


124 




101 


124 


100 


117 




100 


117 


100 


124 


Oil 


100 


124 | 


101 


124 




101 


124 


100 


117 




100 


1 17 

IX/ 


100 


124 


012 


100 


124 

lx*r 


101 


124 




101 


124 


100 


117 




100 


117 


100 


124 


013 


100 


124 | 


101 


124 




101 


124 


100 


117 




100 


117 


100 


124 


014 


100 


124 


101 


124 




101 


124 
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Tabelle 4: 

n = 2: 



10 



R2 



JM-Ar(1)-N> 



^ Ar(2 V 5 

R 4 



R* 


R* 


Ar(l) 


R* 


Ar(2) 


R« 


R s 


100 


i 124 




100 




124 


100 


101 


120 




101 




120 


101 


101 


120 




120 




120 


101 


104 


124 




100 


UU1 


124 


104 


105 


123 


100 


123 


105 


106 


124 




100 




124 


106 


107 


120 




101 




120 


107 


112 


118 




! loo 




118 


112 


100 


124 




100 




124 


100 


100 


117 




100 




117 


100 


101 


120 




101 




120 


101 


101 


120 




120 




120 


101 


101 


117 




101 




117 


101 


102 


117 


001 


100 


003 

vvJ 


117 


102 


103 


117 


100 


117 


103 


104 


124 




100 




124 


104 


105 


123 




100 




123 


105 


106 


124 




100 




124 


106 


107 


120 




101 




120 


107 


112 


118 




100 




118 


112 


100 


124 




100 




124 


100 


100 


117 




100 




117 


100 


101 


120 




101 




120 


101 


101 


120 




120 




120 


101 


101 


117 




101 




117 


101 


102 


117 


001 


100 


ons 

VUJ 


117 ^ 


102 


103 


117 


100 


117 


103 ! 


104 


124 




100 




124 


104 ! 


105 


123 




100 




123 


105 


106 


124 




100 




124 


106 


107 


120 




101 




120 


107 


112 


118 




100 




118 


112 


100 


124 




100 




124 


100 


100 


117 




100 




117 


100 


101 


120 




101 




120 


101 


101 


120 




120 




120 


101 


101 


117 




101 




117 


101 


102 


117 


001 


100 


006 


117 


102 


103 


117 


100 


117 


103 


104 


124 




100 




124 


104 


105 


123 




100 




123 


105 


106 


124 




100 




124 


106 


107 


120 




101 




120 


107 


112 


118 




100 




118 


112 


100 


117 




100 




117 


100 


101 


124 


003 


100 


003 


124 


101 


104 


124 




100 




124 


104 


100 


121 




100 




121 


100 


100 


124 


007 


100 


007 


124 


100 


103 


118 




100 




118 


103 


101 


121 


001 


100 


007 


121 


101 
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Tabelle 5: 



10 



15 



n=3: 



R\ R3 

N-Ar(1)-N. 
R2' Ar(2) 



R4 



V N-Ar(3)-N 



I 

R6 



pi 

R 


EST 


Ar(l) 


Iv 


Ar{2) 


n4 

iv 


Ar(3) 




R 


1 AA 

xuu 






i aa 




1 AA 
IUU 




124 


1 S\/\ 

100 


1 f\A 
1U4 




nm 


1 AA 

1UU 


nni 


1 AA 
IUU 


nm 

Uvx 


124 


1 A>l 

1U4 


ins 


194 




inn 

XVV 




inn 

1VV 




IZ4 


1U3 


xw 


117 

XX/ 




100 
X vv 




100 




1 17 
11/ 


inn 

xvv 


101 


120 




100 




100 




120 

14>V 


101 
xvx 


104 


120 




100 




100 




120 

XA*\J 


104 


104 


124 


001 


100 


003 


100 


001 


124 


104 


104 


124 




101 




101 




124 


104 


108 


120 




100 




100 




120 


108 


110 

X XV 


120 




100 




100 




120 


110 


100 


117 

XX/ 




100 




100 




117 

XX / 


100 ! 


101 

IV X 


120 i 




100 




100 




120 


101 


104 


120 




100 




100 




120 


104 


104 

X V*T 


124 


003 


100 


001 


100 


003 


124 


104 


104 


124 




101 




101 




124 


104 


lOR 
xvo 


120 

XXV 




100 




100 




120 


108 


1 10 

X XV 


120 




100 

X w 




100 




120 

14>v 


110 

X XV 


ioo 

X W 


1 17 
X x # 




100 




100 




117 


100 


lOI 

XUl 


10O 




100 
xvv 




100 
xvv 




120 

XXV 


101 
xvx 


in a 

XU4 


ion 

12U 




inn 
iuu 




inn 




ion 


lOA 
XU*r 


1U4 


124 


nm 

UUx 


inn 
IUU 


nn^ 


inn 
xuu 


nm 

Uvx 


10il 
124 


1U4 


i a>i 


124 




mi 
Ivl 




mi 

1U1 




124 


1U4 


lOo 


i oa 
12U 




1 AA 

IUU 




1 AA 

xuu 




1 OA 
12U 


1 AQ 
lUo 


1 tA 

110 


120 




1 AA 




1 AA 
IUU 




1 OA 

X2U 


1 1 A 

IXU 


100 


117 




100 




a r\r\ 

100 




117 


a f\r\ 

100 


101 


4 on 

120 




•1 AA 

1UU 




4 AA 

IUU 




4 on 
12U 


4 A4 

lU 1 


A f\A 

104 


120 




4 AA 

1UU 




IUU 




4 OA 
12U 


4 f\A 

1 U4 


104 


124 


005 


a nn 
100 


AA4 

UU1 


4 AA 
IUU 


nnc 
UU5 


4 Oil 

124 


4 Ail 

104 


104 


124 




4 A4 




4 A4 




4 o>l 
124 


4 t\A 

iU4 




190 




100 




100 




120 


108 


110 


120 




100 




100 




120 


110 


100 


117 




100 




100 




117 


100 


100 


124 


005 


100 


006 


100 


005 


124 


100 


104 


117 


100 


100 


117 


104 


112 


117 




100 




100 




117 


112 


100 


117 




100 




100 




117 


100 


100 


124 


006 


100 


005 


100 


006 


124 


100 


104 


117 


100 


100 


117 


104 


112 


117 




100 




100 




117 


112 


100 


117 




100 




100 




117 


100 


101 


120 




100 




100 




120 


101 


104 


120 




100 




100 




120 


104 


104 


124 


001 


100 


013 


100 


001 


124 


104 


104 


124 




101 




101 




124 


104 


108 


120 




100 




100 




120 


108 


110 


120 




100 




100 




120 


110 


100 


117 


001 


100 


014 


100 


001 


117 


100 
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R 1 


R* 


ArO) 


R 5 


Ar(2) 


R 4 


Ar(3) 


R 5 


R* 


101 


120 




100 




100 




120 


101 


104 


120 


100 


100 


120 


104 


104 


124 


100 


100 


124 


104 


104 


124 


101 


101 


124 


104 


108 


120 


100 


100 


120 


108 


110 


120 


100 


100 


120 


110 


100 


117 


001 


100 


007 


100 


001 


117 


100 


101 


120 


100 


100 


120 


101 


104 


120 


100 


100 


120 


104 


104 


124 


100 


100 


124 


104 


104 


124 


101 


101 


124 


104 


108 


120 


100 


100 


120 


108 


110 


120 


100 


100 


120 


110 


100 


117 


007 


100 


001 


100 


007 


117 


100 


101 


120 


100 


100 


120 


101 


I 104 


120 


100 


100 


120 


104 


104 


124 


100 


100 


124 


104 


104 


124 


101 


101 


124 


104 


108 


120 


100 


100 


120 


108 


110 


120 


100 


100 


120 


110 



Die neuen Verbindungen werden nach an sich bekannten Verfahren synthetisiert, z. B. nach 
10 der Ullmann-Synthese oder durch edelmetallkatalytische Umsetzungen, ausgehend von ge- 
eigneten primfiren und sekundSren Aminen und (entsprechend den Formeln 2 bzw. 3) Diha- 
logen-biphenylen, Dihalogen-dibenzofuranen, Dihalogen-dibenzothiophenen, Dihalogencar- 
bazolen bzw. Dihalogen-dibenzosilolen, oder ausgehend von geeigneten tertiaren Halogen- 
biphenyl-4-yl-aminen und (entsprechend den Formeln 2 bzw. 3) heteroanalogen Benzidinde- 
15 rivaten. 

Unter Ullmann-Synthese wird eine Kondensationsreaktion verstanden, bei der Arylha- 
logenide, vorzugsweise Aryljodide bei Temperaturen von 100-300 °C unter katalytischer 
Verwendung von Cu oder Cu-Bronze mit geeigneten Substraten zu C- oder N- 
Arylierungsprodukten reagieren, wobei auch funktionell substituierte Arylhalogenide bei ent- 
20 sprechendem selektiven Schutz empfindlicher Gruppen umgesetzt werden kdnnen. 

Bei Einsatz von zwei aufeinanderfolgenden Loch-Tranportschichten enthSIt mindes- 
tens eine Schicht Triarylamin-Derivate gemSS Formel 1 t vorzugsweise eine oder mehrere 
Verbindungen 6-24. 

Bel Einsatz einer zusatzlichen Elektronen-Transportschicht enthSIt diese bekannte 
25 Elektronentransportmaterialien, wie z. B. BisC-aminophenyl^l.S.^oxadiazoIe, Triazole oder 
Dithiolen-Derivate. 

Der Einsatz von Loch-Transportmaterialien gemSB Formeln 6-24 fuhrt zu einer ho- 
hen Dunkelleitfflhigkeit der Schichten und damit zu einer niedrigen Ansteuerspannung von 
weniger als 6 Volt was eine Verringerung der thermischen Belastung der Vorrichtung zur 
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5 Folge hat Gleichzeitig weisen die erfindungsgemSB eingesetzten Loch-Transportmaterialien 
eine hohe Glasubergangstemperatur von mehr als 150°C bis zu 250 °C und damit eine sehr 
geringe Neigung auf, in der Schicht zu rekristallisieren. Auf Grund dessen sowie auf Grund 
der chemischen Struktur dieser relativ gro&en Molekule sind aus diesen Stoffen hergestellte 
Schichten mit und ohne Bindemittelanteil sehr stabil, was die Anwendung der verbreiteten 

10 Technik des „spin coating" erm&glicht 

Aufgedampfte Schichten sind frei von strukturellen Fehlstellen und haben eine hohe 
Transparenz im sichtbaren Spektralbereich. Die genannten Eigenschatten ermSglichen die 
Herstellung neuer organischer elektrolumineszenter Vorrichtungen mit hoher Lichtausbeute ( 
> 10 000 cd/m 2 ) bei gleichzeitig deutlich verbesserter Langzeitstabilitat ( > 10 000 Std.). Der 

15 Arbeitsbereich dieser Vorrichtungen liegt im Temperaturbereich 100 bis 200 °C, vorzugswei- 
se 120-200 °C, insbesondere 120 bis 150 °C. 

Die folgenden Beispiele dienen der ErlSuterung der vorfiegenden Erfindung, soilen 
diese jedoch in keiner Weise einschranken: 
Beispiel 1: 

20 Herstellung von N,N'-Bi$-(4'-(N4riphenylmethyO-pheny()-N-napM 
N,N'-bisphenyl-2, 7-amino-9-phenylcarbazol (Formel 23) 

Eine Glasapparatur, bestehend aus einem 500-ml-Dreihalskolben, der mit RuckfluBkuhler, 
Magnetruhrer, Thermometer und Gaseinleitungsrohr versehen ist, wird 2 Std. bei 120°C 
ausgeheizt, urn das an den Glaswanden gebundene Wasser zu entfernen. 
25 Die Apparatur wird unter Stickstoff mit 160 ml Ober Na getrocknetem und mit N 2 gespQItem o- 
Xylol beschickt Unter RQhren werden 6,3 mg Palladiumacetat und 5,2 ml einer 1%igen L6- 
sung von TrMert-butytphosphin in trockenem o-Xylol zugegeben, wobei sich der Katalysa- 
torkomplex bildet 

Zu derentstandenen klaren gelben Lfisung werden 12,9 g Natrium-tert-butylat, 23,8 g 2,7- 
30 Dianilino-N-phenylcarbazol und 69,1 g N-Triphenylmethyl-phenyl-N-naphth-1-yl-(4- 
brombiphenylyl)-amin geben. 

Unter weiterem Aufrechterhalten einer Stickstoffatmosphare und unter RQhren wird der Kol- 

beninhalt im Olbad auf 120°C erwarmt Nach ca. 30 min beginnt die Ausscheidung von NaBr. 

Der Ansatz wird 3 Stunden bei 120°C reagieren gelassen. Danach wird der Kolbeninhalt mit 
35 Toluol auf das Doppelte seines Volumens verdunnt und dann unter Ruhren in die zehnfache 

Menge Methanol eingegossen. Dabei fillt das Rohprodukt aus und kann abfiltriert werden. 
Zur Reinigung wird das Rohprodukt aus Dodekan umgefallt und danach nochmals 

aus DMF umkristallisiert. AbschlieBend wird das Produkt im Hochstvakuum (< 10" 5 Torr) sub- 

Hmiert. Man erhSIt ca. 30 g reines N,N , -Bis-(4 , -(N-triphenylmethyl)-phenyl)-N-naphth-1-yl- 
40 amino)-biphenyIyl)-N,N -bisphenyl-2,7-amino-N-phenylcarbazol. Es wurde ein T g - Wert von 

190°C gemessen 
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5 Beispiel2: Herstelluna von N,N'-Diphenyl-N,N'-bis-(4-triphenyl-methyl-phen^ 
methyl-carbezol (Formel 10) 

In einer Apparatur, wie sie in Beispiel 1 beschrieben ist, werden 20,35 g 2,7-Dianilino-9- 
methylcarbazol und 49,4 g 4-Bromphenyl-tri(-4-methylphenyl)-methan unter Verwendung von 
12,9 g Natrium-tert-butylat als wasserentziehende Base, 12,6 mg Palladiumacetat und 10,4 

10 ml einer 1%igen L6sung von Tri-tert.-butylphosphin als Katalysator nach der dort angebene- 
nen Verfahrensweise umgesetzL 

Isolieatng, Aufarbeitung und Reinigung des Reaktionsproduktes erfolgt ebenfalls ana* 
log Beispiel 1. Man erhSIt ca. 17 g reines N,N'-Diphenylamino-N,N'-bis-(4-(tri-4- 
methylphenyl)-methyl)-phenylamino-9-methyl^rbazol. Der mit einer DSOMefJeinrichtung 

15 ermittelte T 0 -Wert liegt bei 1 59°C 
Beispiel 3 

Herste/lung von A/,/V-D/-(fr^ (Formel 7) 

In einer Apparatur, wie sie in Beispiel 1 beschrieben ist, werden 14,2 g N,N-Diphenyl- 
benzidin und 34,9 g 4-Bromphenyl-triphenyl-silan unter Verwendung von 12,9 g Natrium- 
20 tert-butylat als wasserentziehende Base, 12,6 mg Palladiumacetat und 10,4 ml einer 1%igen 
LSsung von Tri-tert.-butylphosphin als Katalysator nach der dort angebenenen Verfahrens- 
weise umgesetzL 

Die Reinigung erfolgt durch Umkristallisation aus Xylol unter Zusatz von 5% Kieselgel und in 
zweiter Stufe durch Umkristallisation aus DMR Man erhalt 16,5 g reines N,N v -Di-(triphenyi- 
25 silyl-phenylJ-N.N^diphenyl-benzidin, dessen Glasubergangstemperatur, gemessen mittels 
DSC, 164°C betrfigt. 

Beispiel 4 H erstellung von N^-Methylphenyf-N-(triphenylmethyl-phenyQ-N'-phenyt-W^ 
1-yl-p,p'-benzidin (Formel 12) 

In der in den vorstehenden Beispielen beschriebenen Apparatur werden 18,9 g Brombiphe- 
30 nylyl-phenyl-naphthyl-amin mit 17,9 g Trityl-methyl-diphenylamin unter Verwendung von 12,9 
g Natrium-tert-butylat als wasserentziehende Base, 12,6 mg Palladiumacetat und 10,4 ml 
einer 1%igen L6sung von Tri-tert-butylphosphin als Katalysator in analoger Verfahrensweise 
umgesetzt 

Die Reinigung erfolgt analog Beispiel 1, wobei in erster Stufe ein LOsungsmitelgemisch aus 
35 Dodekan/Xylol 4:1 und in zweiter Stufe ein Gemisch DMF/n-Butanol 1:1 verwendet wird. 

Man ert>3lt20 g N-4-Methylphenyl-N-(triphenylmethy^phenyl)-N , -pheny^N , -naptt^-1-yl-p,p , - 

benzidin. Die Glasubergangstemperatur dieser Verbindung betragt 151 °C. 

Beispiel 5 Herstellung von N,N'-Bis-(-7-(N-(4-triphenylmethyl-phenyQ-N-phenrf^ 

dibenzothiophen-2-yl)-N,N'-diphenyl-benzidin (Formel 21) 
40 In der oben beschriebenen Apparatur werden 36,1 g N,N'-Bls-(-7-brom-dibenzothiophen-2- 

yl)-N,N'-diphenyl-benzidin mit 34,6 g N-Tritylphenyl-N-phenyl-amin umgesetzt Als Katalysa- 
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5 tor werden die in Beispiel 1 angegebenen Verbindungen in den dort angegebenen Mengen 
eingesetzt. Nach einer Reaktionszeit von 7 Stunden wird das Produkt mit Methanol ausge- 

fait. 

Das Rohprodukt wird durch Umkristallisieren aus Xylol sowle durch dreimaliges Umkristalli- 
sieren aus DMF gereinlgt. 
10 Man erhSIt 22 g N.N'-Bis-f-T-fN-^Wpte^ 

thiopherh2-yl)-N l N'-diphenyl-benzidin miteinem Glaspunkt von 186°C. 
Beispiel 6 

Bektrolumineszente Anordnung 

Auf einem Glassubstrat, das mit einer Indium-Zinnoxid-Elektrode (ITO) beschichtet ist, wird 
15 im Ultrahochvakuum (10" 8 hPa) eine Beschichtung aufgebracht Sie besteht aus einer 55 nm 
dicken Lochtransportschicht, bestehend aus der bekannten Starburst-Verbindung 25, 




25 



20 einer 5 nm dicken Emissionsschicht aus N,N'-Bis-(4 -(N-triphenylmethyl)-phenyl)-N-naphth-1- 
yl-aminoJ-biphenylylJ-N.N-bispheny^.y-amino-N-phenylcarbazol, wie es gemau Beispiel 1 
erhalten wird, einer 30 nm dicken Elektronentransportschicht des Chelatkomplexes AIQ 3 . Die 
Schichten werden bei Wachstumsraten von etwa 0,1 nm/s abgeschieden. AnschlieSend wird 
eine 90 nm dicke Aluminiumkathode aufgebracht. 

25 Zur Bestimmung der Elektrolumineszenz-Kennlinie wird zwischen der ITO-Elektrode und der 
Aluminiumelektrode eine Spannung angelegt. Die Leistung des emittierten Lichtes wird mit 
einer groBflflchigen Si-Photodiode gemessen, die direkt unterhalb des Glastragers ange- 
bracht ist 

Folgende Ergebnisse werden erreicht 
30 Turn-on-Voltage (1 cd /m 2 ) 2,8 Volt 

max. Luminance (15 V) 31200 cd/m 2 

Photometric Efficiency (100 cd/m 2 ) 2,40 cd/A 
Lum. Efficiency (100 cd/m 2 ) 1,20 cd/W 

ext. Quantum Efficiency 0,52 % 
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5 

Beispiel 7: 

Elektrolumineszente Anordnung 

Es wlrd die gleiche Schichtanordnung hergestellt wle In Beispiel 6, jedoch wird in der Emissi- 
onsschicht das N.N'-Diphenyl-NX-bis-^triphe^ 
10 gemSIJ Beispiel 2 verwendet 

Folgende Ergebnisse werden erreicht 



Turn-on- Voltage (1 cd /m 2 ) 


2,9 


Volt 


max. Luminance (15 V) 


24100 


cd/m 2 


Photometric Efficiency (100 cd/m 2 ) 


2.15 


cd/A 


Lum. Efficiency (100 cd/m 2 ) 


1,28 


cd/W 


ext Quantum Efficiency 


0,39 


% 



Die vorstehend angefuhrten Beisptele zeigen, dass auf erfindungsgemaSe Weise hergestelk 
20 te Substanzen Glastemperaturen uber 1 50°C aufweisen. Daruberhinaus war die zu beobach- 
tende Tendenz dieser Substanzen, in den unter ihrer Verwendung hergestellten amorphen 
Schichten zu rekristallisieren, extrem gering. 
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Patentanspriiche 



1. Triarylamin-Derivate der allgemeinen Formal 1 



R3 



>--Ar-N' 
R2 




1 



worin n eine ganze Zahl von 1 - 10 ist; R 1 , R 2 f R 3 und R 4 , die gleich Oder verschieden sind, 
sind Phenyl, Biphenylyl, Methylphenyl, Naphthyl, Phenanthrenyl, Anthracenyl, Fluorenyl, 
Triarylmethyl-aryl Oder Triarysilyl-aryl, wobei wenigstens einer der Reste R 1 bis R 4 Triaryl- 
methyl-aryl Oder Triarysilyl-aryl der Formel 4 ist 



worin die aromatischen oder heteroaromatischen Einheiten X 1 bis X 4 , die gleich oder ver- 
schieden sind, Phenyl, Naphthyl, Anthracenyl, Phenanthrenyl, Pyrenyl, Pyridyl oder Chinolyl 
sind und worin R 10 , R 11 ( R 12 und R 13 die gleich oder verschieden sind, die Bedeutung H, Ci bis 
Cs-Alkyl, Cycloalkyl, C2 bis C 4 -Alkenyl, C1 bis OrAlkoxy, C1 bis OrDialkylamino, Diarylamino, 
Halogen, Hydroxy, Phenyl, Naphthyl oder Pyridyl haben, 

und worin R 1 bis R 4 in der Bedeutung Phenyl, Biphenylyl, Methylphenyl, Naphthyl, Phe- 
nanthrenyl, Anthracenyl, Fluorenyl durch einen oder mehrere Substituenten C1 bis CyAlkyI, 
C1 bis CrAlkoxy oder Halogen substituiert sein kSnnen; 
Ar ist eine Struktur der Formel 2 oder 3 



R10 




R12 



4 




2 3 

wobei bei n>1 die Struktur Ar gleich oder verschieden sein kann und 



i 

WO 03/064373 



25 



PCT/DE02/04758 



5 worin Z in Formel 3 aus folgenden Strukturen ausgewShlt ist 



V 

R5' *6 



R7' -R8 



tr 

R9 



10 



worin R 5 bis R 9 , die gleich Oder verschieden sind, H Oder Ci bis Cis-AlkyI sind, Oder R 5 und 
Re Oder R 7 und R 8 bilden zusammen einen 5- oder 6-gliedrigen alicyclischen Oder heterocyc- 
lischen Ring und bilden somit zusammen mit dem Funfring, an den sie gebunden sind, ein 
SpiroRingsystem, wobei O, N oder S die heterocyclischen Elemente sein kdnnen; 
Oder Ar ist eine Struktur der Formel 29, 30, 31 oder 32 

R 20 




r20 R22 



R21 R23 
r20 R22 



r24 



r20 R22 



29 



30 




31 



R26 



15 




32 



und worin R 20 bis R 27 , die gleich oder verschieden sind, die Bedeutung H, Phenyl, Ci bis Cs- 
Alkyl oder Ci bis CrAlkoxy haben und Ar mit den jeweils benachbarten Stickstoffatomen in 
beliebiger freier Substitionsposition verbunden ist, 
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mit der MaBgabe, dass wenn n = 1 Oder 2 und Ar Biphenyien oder eine der Gruppen gemaa 
Fonmeln 29 bis 32 ist, wenigstens einer der Reste R 1 bis R 4 ein Triarysilyl-arylrest Oder eine 
substituierte Triaryimethyl-aryl-Einheit gemaa obiger Formel 4 ist, wobei R 10 bis R 12 die oben 
genannte Bedeutung haben. 

2. Triarylamin-Derivate gemSB Anspruch 1, dadurch gekennzeichnet, dass in For- 
meln 1 n eine ganze Zahl von 1-4, vorzugsweise 1 Oder 2 ist 

3. Triarylamin-Derivate gemaB Anspnjch 1, dadurch gekennzeichnet, dass die Reste 
R 1 bis R 4 der allgemeinen Formel 1 die Bedeutung Phenyl, Biphenylyl, Methylphenyl, 
Naphthyl, Fluorenyl, Triarylmethyl-aryl oder Triarysilyl-aryl haben. 

4 Triarylamin-Derivate gemaB Anspruch 1, dadurch gekennzeichnet, dass die Reste 
R 5 bis R 9 , gleich oder verschieden, die Bedeutung Methyl oder Phenyl haben. 

5. Triarylamin-Derivate gemaB Anspruch 1, dadurch gekennzeichnet, dass die Reste 
R 5 und R 6 zusammen mit dem OAtom, an das sie gebunden sind, einen Spiroalkan-Ring 
bilden. 

6. Triarylamin-Derivate gemaB Anspruch 1, gekennzeichnet dadurch, dass die Reste 
R 20 bis R 27 , gleich oder verschieden, H, Methyl oder Phenyl darstellen. 

7. Organische elektrolumineszente Vorrichtung mit wenigstens einer Lochtransport- 
schicht und einer lumineszenten Schicht, dadurch gekennzeichnet, dass wenigstens eine 
Lochtransportschicht ein Triarylaminderivat gemaB Anspruch 1 enthait 

8. Organische elektrolumineszente Vorrichtung nach Anspruch 7, dadurch gekenn- 
zeichnet, dass die lumineszente Schicht ein Triarylaminderivat gemas Anspruch 1 enthait 

9. Verwendung von Triarylamin-Derivaten gemaB Anspruch 1 als Lochtransportsub- 
stanz oder lumineszente Substanz in einer organischen elektrolumineszenten Vorrichtung. 

10. Verwendung von Triarylamin-Derivaten gemaB Anspruch 1 als Lochtransport- 
substanz in einer elektrofotografischen Anordnung. 



11. Triarylamin-Derivate nach Anspruch 1 der allgemeinen Formel 



R1 

> 
R2 



R3 



Ar-N 



Jn 



worin 

n eine ganze Zahl von 1-10 ist; 

R\ R 2 , R 3 und R 4 , die gleich oder verschieden sind, sind 

Phenyl, Biphenyl, Methylphenyl, Naphthyl, Phenanthrenyl, Anthracenyl, Fluorenyl, Triphe- 
nylmethyl oder Triphenylsilyl, 
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wobei wenigstens einer der Reste R 1 bis R 4 Triphenylmethyl oder Triphenylsilyl der Formel 4 
ist 



R10 




A = C, Si 



R12 



worin R 10 , R 11 und R 12 , die gieich Oder verschieden sind, die Bedeutung H, C,...Ce-Alkyl, 
10 Cycloalkyl, C2 bis C4-Alkenyl, C1 bis OrAlkoxy oder Halogen haben, 

und worin R 1 bis R 4 durch einen oder mehrere Substituenten substituiert sein konnen; 



Ar ist 




oder 



5 



6 



15 worin Z aus folgenden Strukturen ausgewahlt ist 



V 

R5' *6 



A9 



worin R 5 bis R 9 , die gieich oder verschieden sind, H Oder Ci bis Cs-Aikyl sind, 
mit der Ma&gabe, dass wenn n = 1 und Ar Biphenyl ist, wenigstens einer der Reste R\..R 9 
20 ein Triphenylsilylrest gemSfc obiger Formel 1 ist, wobei R 10 bis R 12 die oben genannte Bedeu- 
tung haben. 
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(57) Abstract: Tertiary diamines having formula (I), wherein Ar is an aromatic group selected from: formula (n), where n = 1 to 3; 
formula (m), where m = 1 to 3; formula (p), where p = 1 to 3, R 1 is a group selected from alkyl, alkenyl, cycloalkyl, cycloalkenyl, 
carbocyclic aryl optionally substituted by at least one group selected from halo, alkyl, cyano, nitro and cycloalkyl and an aromatic 
heterocyclic group optionally substituted by at least one group selected from halo, cyano, nitro, alkyl, cycloalkyl and aryl optionally 
substituted by at least one halo group; R 2 is a fused bicyclic or tricyclic aromatic heterocyclic group selected rrom formula (A) and 
formula (B), which heterocyclic group may, optionally, be substituted by at least one group selected from halo, cyano, nitro, alkyl, 
cycloalkyl and aryl optionally substituted by at least one halo and wherein Q is O, S or N-R 5 where R 5 is H, alkyl, cycloalkyl or 
aryl optionally substituted by at least one group selected from halo, alkyl, cyano or nitro. R 3 is a group selected from alkyl, alkenyl, 
cycloalkyl, cycloalkenyl, carbocyclic aryl optionally substituted by at least one group selected from halo, alkyl, cyano, nitro and 
cycloalkyl, and an aromatic heterocyclic group optionally substituted by at least one group selected from halo, cyano, nitro, alkyl, 
cycloalkyl and aryl optionally substituted by at least one halo; and R 4 is a group selected from carbocyclic aryl optionally substituted 
by at least one group selected from halo, cyano, nitro and alkyl, and aromatic heterocyclic optionally substituted by at least one 
group selected from halo, cyano, nitro, alkyl, aryl optionally substituted by at least one halo, and cycloalkyl are disclosed. These 
compounds are useful as light emitting materials, hole injection materials or hole transporting materials in organic light emitting 
devices, particularly having application in flat panel displays. 
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TERTIARY DIAMINES CONTAINING HETEROCYCLIC GROUPS AND THEIR USE IN ORGANIC 
ELECTROLUMINESCENT DEVICES 

This invention relates to tertiary diamines containing heterocyclic groups, 
to organic electroluminescent devices incorporating them and to the use of 
such diamines as light emitting materials, hole injecting materials or hole 
transporting materials in such devices. These devices may be utilised in flat- 
panel displays. 

Flat-panel displays are the critical enabling technology for many current 
applications such as mobile and video telephones and lap-top and palm-top 
computers. 

Currently, the flat-panel display market is dominated by liquid crystal 
technology. However, liquid crystal display devices suffer several drawbacks 
such as small operational viewing angles, poor image contrast and high 
power consumption. As an alternative technology for flat panel displays, 
organic electroluminescent (also known as organic light emitting diode) 
displays using organic or organometallic molecules or semi-conducting 
polymers offer the potential for lower cost, improved viewing angles, better 
contrast and lower power consumption. Although organic electroluminescent 
displays have recently entered commercial production, there is still significant 
scope for enhancing performance parameters such as lifetime, efficiency and 
colour. 

Typically, a flat-panel device comprises a multi-layer assembly of 
structurally important films. In such a device an electroluminescent medium is 
sandwiched between two electrodes, at least one which is transparent. The 
electroluminescent medium emits light in response to the application of an 
electrical potential difference across the electrodes. When the display 
incorporates patterned red, green and blue light emitters it can produce a 
colour image. 

The electroluminescent medium lying between the electrodes may itself 
comprise separate zones, e.g., a hole injecting and transporting zone and a 
luminescent electron injecting and transporting zone. The interface of these 
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two organic zones constitutes an internal junction which allows the injection of 
holes into the luminescent electron injecting and transporting zone, so that 
recombination of holes and electrons can take place giving rise to 
luminescence, but which blocks electron injection into the hole injecting and 
transporting zone. Alternatively, there may be a luminescent hole injecting 
and transporting zone combined with an electron injecting and transporting 
zone or a three layer device with separate hole injecting and transporting 
zone, a luminescent zone and an electron injecting and transporting zone. It 
is also possible for the hole injecting zone to be separate from the hole 
transporting zone. 

In order to achieve a good charge balance in organic electroluminescent 
devices charge transport layers are included. The resulting devices which 
comprise a multi-layered structure generally exhibit improved performance 
compared to single layer devices which comprise an emitting material located 
between the electrodes of the device. In addition to high luminoefficiency the 
organic electroluminescent material sandwiched between the electrodes 
should exhibit thermal stability and operational durability if the device is to be 
useful in flat-panel displays. Therefore, the organic electroluminescent 
material needs to comprise compounds which perform well as charge 
transporters at higher temperatures as well as ones which meet the 
requirements for emission performance. The most common existing hole 
transporting material in conventional technology is (N,N'-di(1-naphthyl)-N,N'- 
diphenyKIJ'-biphenylH^'-diamine (NPB). The use of this material is 
disclosed in US-A-5,061,569. Unfortunately, the glass transition temperature 
(T g) of NPB is only 96°C. Because NPB has such a low Tg its application has 
to be restricted to devices which operate at relatively low temperatures. 
Furthermore, displays comprising devices containing NPB have a limited 
lifetime. 

The present invention provides compounds which have good hole 
transporting, hole injection and emitting properties which are able to perform 
at relatively high temperatures. 
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According to the present invention there is provided a compound having 
the formula I 



R 



N Ar N 



I 



wherein Ar is an aromatic group selected from: 




, where n = 1 to 3; 




, where m = 1 to 3; and 




, where p = 1 to 3, 



R 1 is a group selected from alkyl, alkenyl, cycloalkyl, cycloalkenyl, 
carbocyclic aryl optionally substituted by at least one group selected from 
halo, alkyl, cyano, nitro and cycloalkyl and an aromatic heterocyclic group 
optionally substituted by at least one group selected from halo, cyano, nitro, 
alkyl, cycloalkyl and aryl optionally substituted by at least one halo group; 



WO 03/008515 PCT/GB02/03115 

4 

R 2 is a fused bicyclic or tricyclic aromatic heterocyclic group selected from 




which heterocyclic group may, optionally, be substituted by at least one group 
selected from halo, cyano, nitro, alkyl, cycloalkyl and aryl optionally 
substituted by at least one halo and wherein Q is O, S or N-R 5 where R 5 is H, 
alkyl, cycloalkyl or aryl optionally substituted by at least one group selected 
from halo, alkyl, cyano or nitro. 

R 3 is a group selected from alkyl, alkenyl, cycloalkyl, cycloalkenyl, 
carbocyclic aryl optionally substituted by at least one group selected from 
halo, alkyl, cyano, nitro and cycloalkyl, and an aromatic heterocyclic group 
optionally substituted by at least one group selected from halo, cyano, nitro, 
alkyl, cycloalkyl and aryl optionally substituted by at least one halo; and 

R 4 is a group selected from carbocyclic aryl optionally substituted by at 
least one group selected from halo, cyano, nitro and alkyl, and aromatic 
heterocyclic optionally substituted by at least one group selected from halo, 
cyano, nitro, alkyl, aryl optionally substituted by at least one halo, and 
cycloalkyl. 

Further according to the present invention there is provided an 
electroluminescent device comprising a compound of the formula I, as defined 
above. 

Compounds of the invention have higher Tg values than NPB. They have 
good hole transporting properties and can be used as either hole injecting or 
hole transporting layers in an organic light emitting device. 
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In the compounds of formula I above R 1 is a group selected from alkyl, 
alkenyl, cycloalkyl, cycloalkenyl, carbocyclic aryl optionally substituted by at 
least one group selected from alkyl, halo, cyano, nitro and cycloalkyl, and an 
aromatic heterocyclic group optionally substituted by at least one group 
selected from alkyl, halo, cycloalkyl, cyano, nitro and aryl optionally 
substituted by at least one halo group. Preferred groups for the group R 1 are 
1 to 6C alkyl, 2 to 6C alkenyl, 5 or 6C cycloalkyl, 5 or 6C cycloalkenyl, 6 to 
15C aryl which may be substituted by at least one 1 to 6C alkyl, halo (e.g., F, 
CI, Br and I), cyano, nitro or 5 or 6C cycloalkyl and aromatic heterocyclic 
groups selected from mono, bi or tricyclic heterocyclic groups containing at 
least one ring heteroatom selected from O, S and N, which aromatic 
heterocyclic group may be substituted by one or more 1 to 6C alkyl, halo (e.g., 
F, CI, Br and I), 5 or 6C cycloalkyl, cyano, nitro or phenyl optionally 
substituted by at least one halo group. Examples of groups which are 
particularly preferred for R 1 include the alkyl groups methyl, ethyl, propyl, 
isopropyl, n-butyl, isobutyl and tert-butyl, the aromatic groups phenyl, 
naphthyl, arthryl, phenanthryl and pyrenyl which are optionally, but preferably, 
substituted by 1-6C alkyl or an electron withdrawing group selected from F, 
-CN and -N0 2l and the heterocyclic groups pyridyl and quinolyl which are 
optionally substituted by 1-6C alkyl or an electron withdrawing group selected 
from F, -CN or -N0 2 . 

In the formula I above the group R 2 is a fused bicyclic or tricyclic aromatic 
heterocyclic group selected from 

Cu.<XjO,<XO 
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which heterocyclic group may, optionally, be substituted by at least one group 
selected from halo, cyano, nitro, alkyl. cycloalkyl and aryl optionally 
substituted by at least one halo and wherein Q is O, S or N-R 5 where R 5 is H, 
alkyl, cycloalkyl or aryl optionally substituted by at least one group selected 
from halo, alkyl, cyano or nitro. 

Preferably, R 2 is a group selected from 





and 




which heterocyclic group may, optionally, be substituted as described above 
and wherein Q is O, S or N-R 5 where R 5 is H, alkyl, cycloalkyl or aryl 
optionally substituted by at least one group selected from alkyl, halo, cyano 
and nitro. Examples of such heterocyclic aromatic groups include radicals 
derived from benzothiophene, benzofuran, indole, carbazole, chromene and 
xanthene. Especially preferred R 2 groups are carbazolyl groups of the formula 




wherein R 5 is as defined above and R 6 is H, halo (i.e., F, CI, Br, I), cyano, 
nitro, alkyl. cycloalkyl or aryl optionally substituted by at least one halo group. 
Such a carbazolyl group attached to the tertiary amine in the compound of 
formula I not only increases the Tg of the compound but, because a 
carbazolyl group is an electron donor to the tertiary amine group to which it is 
attached, it also has the effect of increasing the electron density at the tertiary 
amine group. Thus, a compound of the formula I having a carbazolyl group 
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directly attached to a tertiary amine group has improved hole injection 
properties compared to the prior art compound NPB. 

In the compound of the formula I above the group R 3 is selected from 
alkyl, alkenyl, cycloalkyl, cycloalkenyl, carbocyclic aryl optionally substituted 
by at least one group selected from halo, nitro, alkyl and cycloalkyl, and an 
aromatic heterocyclic group optionally substituted by at least one group 
selected from halo, nitro, alkyl, cycloalkyl and aryl optionally substituted by at 
least one halo group. For examples of preferred R 3 groups reference may be 
made to the list of groups provided above for R 1 . The identity of the group R 3 
may be the same as or different from the identity of the group R 1 . According 
to a preferred embodiment of the invention the groups R 1 and R 3 are identical. 

The group R 4 in the formula I is selected from carbocyclic aryl groups 
optionally substituted by at least one group selected from halo, cyano, nitro 
and alkyl and aromatic heterocyclic groups optionally substituted by at least 
one group selected from halo, nitro, alkyl, cycloalkyl and aryl optionally 
substituted by at least one halo group. In the case where R 4 is a carbocyclic 
aryl group optionally substituted as described above it preferably will be a 6- 
15C aryl optionally substituted by at least one 1 to 6C alkyl, halo (i.e., F, CI, 
Br, I), cyano, nitro or 5 or 6C cycloalkyl group. Examples of such aryl groups 
include phenyl, naphthyl, anthryl, phenanthryl and pyrenyl any of which may 
be substituted by a 1-6C alkyl group or an electron withdrawing group 
selected from F, -CN and -N0 2 . According to a preferred embodiment the 
group R 4 is a fused bicyclic or tricyclic aromatic heterocyclic group containing 
at least one ring heteroatom selected from N, O and S which heterocyclic 
group is optionally substituted by at least one group selected from halo (i.e. F, 
CI, Br or I), cyano, nitro, alkyl, cycloalkyl and aryl which may, itself, be 
substituted by at least one halo group. Preferably, R 4 is an aromatic 
heterocyclic group, which is optionally substituted as described above, 
selected from 
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in which Q is as described above. 

Examples of such groups include radicals derived from benzothiophene, 
benzofuran, indole, carbazole, acridine, quinoline, phenanthridine, chromene 
and xanthene. Preferably, the group R 4 is identical to the group R 2 . 
Especially preferred for R 4 are carbazolyl groups as described above in 
connection with the discussion of R 2 group. It is particularly preferred that the 
groups R 2 and R 4 are identical carbazolyl groups in view of the effects the 
carbazolyl groups have on the hole transporting properties of the compound, 
as mentioned above. 

In the compound of the formula I the linking group Ar between the two 
tertiary amine groups is an aromatic group selected from 
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, where n = 1 to 3; 



, where m = 1 to 3; and 



, where p = 1 to 3, 



Preferably, Ar is the biphenylyl group. 

Examples of compounds of the invention include N^N'-bisCQ-ethylcarbazoI- 
S-yO-N^N'-diphenylbenzidine which is a blue emitting compound, N,N'-bis(9- 
ethylcarba2ol-3-yl)-N,N-di(1-naphthyl)benzidine which is a cyan emitting 
compound and N.N'-bisCQ-ethylrarbazol-S-yO-N^'KiiXS-quinolyObenzidine 
which is a green emitting compound. 

The compounds of the formula I in which R 1 =R 3 and R 2 =R 4 can be 
prepared by reacting the compound 

Br-Ar-Br 

, where Ar is as defined above with the compound R 1 -NH 2 , where R 1 is as 
defined above, to give the disubstituted secondary amine 
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Ar N 




and then reacting this secondary amine with the compound R 2 -X, where R 2 is 
as defined above and X is halogen to give the compound 



According to a preferred embodiment of the method of preparation two 
moles of R 1 NH 2 and one mole of Br-Ar-Br are refluxed in an anhydrous 
aromatic solvent for several hours in the presence of palladium acetate, tri- 
tert-butyl phosphine and sodium tert-butoxide. The product secondary amine 
is then refluxed for several hours with two equivalents of R 2 -X also in an 
anhydrous aromatic solvent and also in the presence of palladium acetate, 
tri(t-butyl)phosphine and sodium tert-butoxide to give the desired tertiary 
amine. The aromatic solvent used in the coupling reaction between the 
aromatic halide and the amine may, for instance, be toluene or deuterated 
benzene, as is described by F.E. Goodson et al., J. Am. Chem. Soc. 1999, 
121, 7527-7539, or o-xylene, as is described by M. Watanabe et aL, 
Tetrahedron Letters 41 (2000) 481-483. 

Asymmetrical triarylamines of the formula I above, wherein the group 
R 1 =£R 3 and/or R 2 =£R 4 may be prepared by reacting the compound Br-Ar-I with 
the secondary amine R 1 R 2 NH in the presence of a copper catalyst, such as 
Cu CI to give the compound 




N Ar N 
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and then reacting this compound, in the presence of palladium acetate 
catalyst, with R 3 R 4 NH, as described above. 

The selective condensation reaction of an aryl iodide and an aryl amine 
using a copper catalyst is described by H.B. Goodbrand et al., J. Org. Chem. 
1999, 64, 670-674. 

The compounds of the formula I have hole transporting properties which 
make them potentially useful in organic light emitting devices. The compound 
can be used as either hole injecting or hole transporting layers in such 
devices, or as the emitting layer or as a component of the emitting layer in 
such devices. 

In general, an organic electroluminescent device comprises an anode and 
a cathode separated from each other by an organic luminescent material. 
The organic luminescent material, in its simplest form, comprises a hole 
injecting and transporting zone adjacent to the anode and an electron 
injecting and transporting zone adjacent to the cathode. More usually, 
however, the organic luminescent material will comprise several layers or 
zones, each performing as is well known in the art a different function from its 
neighbouring zone. In this respect, reference is made to US-A-5,061,569. 
The compounds of the present invention have utility, in such devices, in a hole 
transporting zone and/or a hole injection zone as mentioned above. 

EXAMPLE 1 

Preparation of A/.A/ , -bis(9-ethvlcarbazol-3-vlVA/.Ar-diphenvlbenzidine (Code TLB1) 
A reaction mixture of 3-iodo-N-ethylcarbazole (3.8g, 11.9mmoi), N,N- 
diphenylbenzidine (2g, 5.9mmol), sodium ferfbutoxide (1.4g, 14.3mmol), 
palladium acetate (27mg, O.lmmol), trifeAfbutyl phosphine (72mg, 0.3mmol) in 
anhydrous toluene (60ml) was heated at reflux for 3 hours. The reaction 
mixture was cooled to ambient, and then hexane (100ml) was added and 
finally the mixture was stirred for 2 hours. The yellow precipitate was filtered 
off, washed with water (200ml) followed by hexane (100ml), and finally suction 
dried for 3 hours to give 4.3g (100%) of crude product. The product was 
purified by sublimination at 340°C and 1 x 10" 7 mbar to give 2.8g (66%) as 
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bright yellow crystalline solid. 1 H NMR (300MHz, CDCI 3 ): 57.95 (2H, d, Ar), 
7.40 (12H, m, Ar), 7.16 (8H, m, Ar), 4.37 (4H, broad q, CH 2 ) 1.45 (6H, t, CH 3 ), 
MS (FAB): 722 (M*). Found 86.5% C, 5.9% H, 7.8% N; Calc. 86.4% C, 5.9% 
H, 7.8% N for C52H42N4. DSC: Mp=250-252°C; Tg=136°C. TGA: 
decomp>450°C. 

EXAMPLE 2 

P r eparation of A/,Ar-bis(9-ethvlcarbazol-3-vn-/V./V-din-naDhthvnben7idin ( » (Code TLB2') 
A reaction mixture of 3-iodo-N-ethylcarbazole (3.7g, 11.4mmol), N,N'-di(1- 
naphthyl)benzidine (2.5g, 5.7mmol), sodium ferfbutoxide (1.2g, 12.5mmol), 
palladium acetate (25mg, O.lmmol), triferfbutyl phosphine (70mg, 0.3mmol) in 
anhydrous toluene (60ml) was heated at reflux for 3 hours. The reaction 
mixture was cooled to ambient and then filtered, washed with toluene (50ml) 
and the filtrate was saturated with hexane (300ml) to crash out the product. 
The yellow precipitate was filtered off, washed with hexane (200ml) and finally 
suction dried for 3 hours to give 11. 2g of crude product. The product was 
purified by sublimination at 360°C and 1 x 10" 7 mbar to give 3.7g (79%) as 
bright yellow amorphous material. 1 H NMR (500MHz, CDCI 3 ): 58.13 (2H, d, 
Ar), 7.92 (4H, d-d, Ar), 7.74 (2H, b-s, Ar), 7.47 (8H, q, Ar), 7.43 (2H, d, Ar), 
7.37 (12H, m, Ar), 7.31 (2H, d, Ar), 7.14 (2H, t, Ar), 6.90 (2H, b-s, Ar), 4.36 
(4H, broad q, CH 2 ), 1.45 (6H, t, CH 3 ), MS (FAB): 822 (M*)- Found 87.5% C, 
5.6% H, 6.9% N; Calc. 87.6% C, 5.6% H, 6.8% N for CeoH^N^ Mp: NA for 
amorphous; Tg=173°C. TGA: decomp>450°C. 

EXAMPLE 3 

Preparation of M/V'-BisfQ-ethvlcai^azo l-S-vlVMA/'-dire-quinolinvi^benzidinft (code tlgi-) 
A reaction mixture of 3-iodo-N-ethylcarbazole (2.0g, 6.4mmol), N,N-di(6- 
quinolinyl)benzidine (1.4g, 3.2mmol), sodium fe/fbutoxide (0.7g, 7.3 mmol), 
palladium acetate (14mg, 62 pmol), trifenoutyl phosphine (40mg, 0.2 mmol) in 
anhydrous toluene (50 ml) was heated at reflux for 19 hours. The reaction 
mixture was cooled to ambient temperature and then saturated with hexane 
(200 ml) to crash out the product. The yellow precipitate was filtered off, 
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washed with water (50 ml) followed by hexane (200 ml) and finally suction 
dried for 5 hours to give 2.3 g of crude product. The product was purified by 
sublimation at 430°C and 1 x 10~ 7 mbar to give 1.6g (61%) as bright yellow 
amorphous material. 1 H NMR (300 MHz, CDCI 3 ): <58.70 (2H, d-d t Ar), 7.94 
(6H, d-d, Ar), 7.83 (2H, d, Ar), 7.60 (2H, d-d, Ar), 7.49 (4H, d, Ar), 7.45 (2H, d, 
Ar), 7.40 (4H, d, Ar), 7.31 (10H, m, Ar), 7.17 (2H, t, Ar), 4.37 (4H, q, CH 2 ), 
1.46 (6H, t, CH 3 ), MS (EI): 825 (M + ). Found 84.3% C, 5.4% H, 10.2% N; 
Calc. 84.4% C, 5.4% H, 10.2% N for CsbH^Nb. Mp: NA for amorphous. 
Tg = 173°C, TGA: decomp > 400°C. 

EXPERIMENTAL 

Device Fabrication and Testing - general procedure 

Indium tin oxide (ITO) coated glass substrates, which can be purchased 
from several suppliers, for example Applied Films, USA or Merck Display 
Technology, Taiwan, are cleaned and patterned using a standard detergent 
and standard photolithography processes. The substrates used in the 
following examples measured 4" x 4" and 0.7mm thick, the ITO was 120nm 
thick, and the ITO is patterned to produce 4 devices on each substrate each 
with an active light emitting area of 7.4 cm 2 . After the final stage of the 
photolithography process, i.e., the removal of the photoresist, the substrates 
are cleaned in a detergent (3 vol.% Decon 90), thoroughly rinsed in deionised 
water, dried and baked at 105°C until required. Immediately prior to the 
formation of the device the treated substrate is oxidised in an oxygen plasma 
etcher. By way of example an Emitech K1050X plasma etcher operated at 
100 Watts for two minutes is adequate. The substrate and shadow mask is 
then immediately transferred to a vacuum deposition system where the 
pressure is reduced to below 1 0" 6 mbar. The organic layers are evaporated at 
rates between 0.5-1 .5A/s. Then the mask is changed to form a cathode with 
a connection pad and no direct shorting routes. The cathode is deposited by 
evaporating 1.5nm of LiF at a rate of 0.2A/s followed by 150nm of aluminium 
evaporated at a rate of 2A/s. 
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Some devices were encapsulated at this stage using an epoxy gasket 
around the edge of the emissive area and a metal lid. This procedure was 
carried out in dry nitrogen atmosphere. The epoxy was a UV curing epoxy 
from Nagase, Japan. 

Current/Voltage, Brightness/Voltage measurements were performed using 
a Keithley 2400 Source measure unit and a calibrated photodiode through a 
Keithley multimeter programmed from an IBM compatable PC. The EL 
emission spectrum was measured using an Oriel ccd camera. 

Temperature dependence of PL emission from devices 

The photoluminescence (PL) measurements were carried out using a 
CCD spectrograph for light detection while excitation was provided by a UV 
lamp at 365nm. The devices were prepared using the standard method 
described above. The structures of the devices were as follows: 

Device 1 : ITO/NPD/Alqa/LiF/AI 

Device 2: ITUTLB 1 /Alqs/LiF/AI 

ITO - indium tin oxide 

NPD - N.N'-dKI-naphthyO-N^'-diphenyKl.r-biphenylH^'-diamine 
TLB1 - N^-bisCg-ethylcarbazol-S-yO-N^'-diphenylbenzidine 
Alq 3 - tris(8-quinolinato)aluminium 

The devices were excited and the emitted light measured thorough the 
glass substrate. The device was positioned in such a way to avoid direct 
reflection of the UV light onto the detector. The device was placed on top of a 
hot plate that was used to vary the temperature of the device. A schematic 
diagram of the experimental set-up is shown in Figure 1. 

Figure 2 shows the PL spectra of device 1 measured at different 
temperatures. The first three spectra, measured at 21°, 40° and 59°C, appear 
to be identical with emission emanating from both NPD (peak emission) and 
Alq 3 (shoulder emission at low energy). This is expected as the UV radiation 
excites the first layer (NPD), while a proportion of it is not absorbed but 
transmitted to Alq 3 which in turns absorbs a fraction of the light and emits. 
The metal cathode will reflect any remaining UV light and further absorption 
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and emission can occur as the reflected UV light travels back through the 
device. The PL spectrum measured at 106°C shows a different emission 
profile to the PL spectra measured at lower temperatures. The spectrum at 
106°C consists of only Alq 3 emission; the NPD emission has completely 
disappeared. 

The same behaviour was observed when the PL of device 2 was studied 
as a function of temperature (see Figure 3). At room temperature the 
emission profile consists of emission from TLB1 (peak emission at 
approximately 460 nm) and a shoulder at lower energy due to Alq 3 emission. 
The PL spectrum was then measured at 69°, 96°, 118°C and showed no 
temperature dependence up to 1i8°C. However at 136°C the emission 
spectrum shows only contribution from AIq3. 

The emission of device 1 (device 2), as previously explained, is expected 
to show contribution of both hole transporting layer, HTL, and Alq 3 - This is 
true up to certain temperatures where both materials are thermally stable. In 
device 1 (device 2) the organic material of the lowest Tg is NPD (TLB1). 
Hence the thermal instability of the device is expected to be in the range of 
the Tg of the HTL. This is reflected in the emission spectra of both device 1 
and device 2 as major change in their profiles occur in the range 59-1 06°C 
and 1 1 8-1 36°C respectively. Note that the Tg of NPD and TLB1 are 96°C and 
136°C, respectively. It is believed that at temperatures around the Tg of the 
HTL, the HTL material starts diffusing into the Alq 3 layer forming a blend 
where molecules of the HTL can be very close to those of Alq 3 . When the 
device is excited using UV light, both molecules absorb light. However 
because of the small distance between the different molecules an efficient 
energy transfer from NPD's excited states to the lower lying energy states of 
Alq 3 occurs giving emission only from Alq 3 . 

TLB1, TLB2 and TLG1 device results 

Devices were made using the compounds TLB1, TLB2 and TLG1 and 
were tested in order to evaluate the emission characteristics and also the 
hole-injection and hole-transporting properties of the materials. 
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Emission characteristics TLB1: 

Device structure: ITO/CuPc/TLB1/BCP/Alq/LiF/AI, where TLB1 gives blue 
emission, where CuPc (phthalocyanine) acts as a hole-injection layer and 
where BCP acts as a hole-blocking layer so that hole and electron 
recombination occurs principally on the TLB1 layer. The thicknesses of the 
layers are as follows: 

• CuPc:130A; 

• TLB1: 300 A; 

• BCP: 150 A; 

• Alq: 200 A; 

• LiF: 15 A 

• Al: 1500 A 

The CIE co-ordinates from this TLB1 device are approximately (0.15, 
0.14) and the peak in the emission spectrum is at approximately 442 nm. 
However, the spectrum shows a 'shoulder* of significant emission at 
wavelengths higher than the peak, which results in emission over a 
wavelength range. This feature is due to exciplex formation with the 
neighbouring BCP layer. TLB2 has bulkier substituents and therefore shows 
reduced exciplex formation; results for TLB2 emission devices are given 
below. 

Emission characteristics TLB2: 

Device structure ITO/TLB2/BCP/Alq/LiF/AI, where TLB2 gives sky-blue 
emission (BCP acts as a hole-blocking layer). The thicknesses of the layers 
are as follows: 

• TLB2: 500 A; 

• BCP: 150 A; 

• Alq: 200 A; 

• LiF: 15 A; 

• Al: 1800 A 

The CIE co-ordinates from this TLB2 device are approximately (0.16, 0.29) 
and the peak in the emission spectrum is at approximately 486 nm. 
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However, a device with a hole-injection layer between the (TO and TLB2 
layers was found to be more efficient. An example of such a device structure 
is ITO/CuPc/TLB2/BCP/Alq/LiF/AI, where the thicknesses of the layers are as 
follows: 

• CuPc: 200 A; 

• TLB2: 200 A; 

• BCP: 150 A; 

• Alq: 200 A; 

• LiF: 15 A; 

• Al: 1600 A 

The CIE co-ordinates from this TLB2 device with a hole-injection layer are 
approximately (0.15, 0.30) and the peak in the emission spectrum is at 
approximately 488 nm. The normalised EL spectrum from the TLB2 emission 
device with a CuPc hole-injection layer is shown in' Figure 4. The current 
density of this device as a function of the supply voltage is shown in Figure 5. 
The luminance of the device as a function of the supply voltage is shown in 
Figure 6. 

Emission characteristics TLG1: 

Device structure: !TO/TLG1/BCP/Alq/LiF/AI, where TLG1 gives green 
emission (BCP acting again as a hole-blocking layer). The thicknesses of the 
layers are as follows: 

• TLG1: 340 A; 

• BCP: 150 A; 

• Alq: 200 A; 

• LiF: 15 A; 

• AI:1500A 

The CIE co-ordinates from this TLG1 device are approximately (0.25, 
0.53) and the peak in the emission spectrum is at approximately 509 nm. The 
normalised EL spectrum from the TLG1 emission device is shown in Figure 7. 
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Hole-iniection properties of TLB2: 

Device structure: ITO/TLB2/NPB/Aiq/LiF/AI, where TLB2 acts as a hole- 
injection layer. The thicknesses of the layers are as follows: 

• TLB2: 400 A; 

• BCP: 70 A 

• Alq: 500 A 

• LiF: 15 A 

• Al: 1500 A 

The CIE co-ordinates from this TLB2 device in which the emission is 
principally due to the Alq layer are approximately (0.32, 0.56) and the peak in 
the emission spectrum is at approximately 522 nm. The normalised EL 
spectrum from the TLB2 hole-injection device is shown in Figure 8. 

Figures 9 and 10, respectively, show the current density and luminance of 
this device as functions of the supply voltage. This device is more efficient 
than the non-optimized TLB2 emission device described above. 
Hole-transporting properties of TLB2: 

Device structure: ITO/TLB2/Alq/UF/AI, where TLB2 acts as a hole- 
transporting layer. The thicknesses of the layers are as follows: 

• TLB2: 500 A 

• Alq: 500 A 

• LiF: 15 A; 

• Al: 1500 A 

The CIE co-ordinates from this TLB2 device in which the emission is 
principally due to the Alq layer are approximately (0.33, 0.55) and the peak in 
the emission spectrum is at approximately 525 nm, i.e. both similar to the 
TLB2 hole-injection device described above, as is the EL spectrum which is 
shown in Figure 11. 
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Comparison between TLB1 and MTDATA: 

Figure 12 shows a comparison between the hole-injection properties of 
TLB1 and MTDATA. Two devices of each structure are shown, i.e. two 
ITO/TLB 1 /N B P/AIq/Li F/A! and two ITO/MTDATA/NBP/Aiq/LiF/AI. 

MTDATA (4, 4, 4 tt -tris[3-methylphenyl(phenyl)amino]triphenylamine) is 
a compound that is commonly used as a good hole injection layer, placed 
between the ITO and NPB. However, MTDATA has a very low Tg of about 
65°C and, thus, is not suitable for commercial products. From the comparison 
shown in Figure 12 it can be seen that TLB1 (which has the benefit of a 
significantly higher Tg) is as effective as MTDATA at aiding hole injection. 
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CLAIMS 



1 - A compound having the formula I 




wherein Ar is an aromatic group selected from: 




R 1 is a group selected from alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, carbocyclic aryl optionally substituted by at least one 
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group selected from halo, alkyl, cyano, nitro and cycloalkyl and an 
aromatic heterocyclic group optionally substituted by at least one group 
selected from halo, cyano, nitro, alkyl, cycloalkyl and aryl optionally 
substituted by at least one halo group; 

R 2 is a fused bicyclic or tricyclic aromatic heterocyclic group 
selected from 



Cu.OjQ.CCG 




which heterocyclic group may, optionally, be substituted by at least one group 
selected from halo, cyano, nitro, alkyl, cycloalkyl and aryl optionally 
substituted by at least one halo and wherein Q is O, S or N-R 5 where R 5 is H, 
alkyl, cycloalkyl or aryl optionally substituted by at least one group selected 
from halo, alkyl, cyano or nitro. 

R 3 is a group selected from alkyl, alkenyl, cycloalkyl, cycloalkenyl, 
carbocyclic aryl optionally substituted by at least one group selected from 
halo, alkyl, cyano, nitro and cycloalkyl, and an aromatic heterocyclic group 
optionally substituted by at least one group selected from halo, cyano, nitro, 
alkyl, cycloalkyl and aryl optionally substituted by at least one halo; and 

R 4 is a group selected from carbocyclic aryl optionally substituted by at 
least one group selected from halo, cyano, nitro and alkyl, and aromatic 
heterocyclic optionally substituted by at least one group selected from halo, 
cyano, nitro, alkyl, aryl optionally substituted by at least one halo, and 
cycloalkyl. 
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2. A compound according to claim 1, wherein R 2 in formula I is an 
aromatic heterocyclic group selected from 




which heterocyclic group may, optionally be substituted by at least one 
group selected from halo, cyano, nitro, alkyl, cycloalkyl and aryl 
optionally substituted by at least one halo and wherein Q is O, S or N- 
R 5 where R 5 is H, alkyl, cycloalkyl or aryl optionally substituted by at 
least one group selected from halo, alkyl, cyano or nitro. 

3. A compound according to claim 2, wherein R 2 is in the group 




wherein R 5 is as defined in claim 2 and R 6 is H, halo, cyano, nitro, alkyl, 
cycloalkyl or aryl optionally substituted by at least one halo. 

4. A compound according to any one of claims 1 to 3, wherein the groups 
R 1 and R 3 in the formula I are each, independently, selected from 
phenyl, naphthyl and quinolyl. 

5. A compound according to any one of claims 1 to 4, wherein R 4 in 
formula I is phenyl, naphthyl or an aromatic heterocyclic group selected 
from 
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which heterocyclic group may, optionally, be substituted by at least one 
group selected from halo, cyano, nitro, alkyl, cycloalkyl or aryl 
optionally substituted by at least one halo and wherein Q is O, S or N- 
R 5 where R 5 is H, alkyl, cycloalkyl or aryl optionally substituted by at 
least one halo. 

6. A compound according to claim 5 wherein R 4 is the group 




wherein R 5 is as defined in claim 5 and R 6 is H, halo, cyano, nitro, alkyl, 
cycloalkyl or aryl optionally substituted by at least one halo. 
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7. A compound according to claim 1 , wherein, in formula I, Ar is the group 



and R 2 and R 4 are both a group of the formula 




8. A compound according to claim 7, wherein, in the formula I, R 1 and R 3 
are both phenyl. 

9. A compound according to claim 7, wherein, in formula I, R 1 and R 3 are 
both 1-naphthyl. 

10. A compound according to claim 7, wherein , in formula I, R 1 and R 3 are 
both 6-quinolyl. 

11. A process for producing a compound of the formula II 



.R 



"N Ar n 

R 2 ^ R 1 



wherein R 1 , R 2 and Ar are as defined in claim 1 which comprises the 
reacting a compound of the formula III 



} 
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Br-Ar-Br m 

with a compound of formula R 1 -NH 2 to give a compound of the formula 
IV 

R 1 HN-Ar-NHR 1 IV 

and then reacting the compound of the formula IV with a compound R 2 - 
X, where X is halogen. 

12. An electroluminescent device comprising a compound according to any 
one of claims 1 to 9. 

13. Use of a compound according to any one of claims 1 to 10 as a hole 
transporting material in an electroluminescent device. 

14. Use of a compound according to any one of claims 1 to 10 as a hole 
injecting material in an electroluminescent device. 
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Abstract of JP6346049 
PURPOSE:To obtain the subject element 
having high luminance, high luminous 
efficiency, little luminous deterioration and high 
reliability, provided with a luminous layer 
composed of an organic compound thin film in 
one layer or plural layers between a pair of 
electrodes wherein the one layer contains a 
specific compound. CONSTITUTIONS 
luminous layer composed of an organic 
compound thin film of one layer or plural layers 
is formed between a pair of electrodes and at 
least the one layer contains a compound of the 
formula (R<1-12> is H, halogen, cyano, nitro, 
amino, ester, acylamino, (substituted)aliphatic 
group, etc.) to give the objective element. The 
compound of the formula is obtained by 
reacting a 9, 10-diaminophenanthrene 
derivative with a halobenzene derivative in an 
organic solvent under a nitrogen atmosphere 
or in a solventless state in the presence of a 
base or a catalyst at a given temperature for a 
prescribed time. 
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Abstract of JP2004323509 
PROBLEM TO BE SOLVED: To provide an 
organic electroluminescent element having 
high electric current efficiency and light- 
emitting efficiency, capable of being driven by 
a low voltage, having excellent driving stability 
and heat resistance, and having stable light- 
emitting characteristics. 
SOLUTION: A new 2,7-diaminonaphthalene 
compound is expressed by general formula (I) 
(R<SP>1 </SP>, R<SP>2</SP>, 
R<SP>3</SP>and R<SP>4</SP>are each an 
aromatic radical which may be substituted, or 
R<SP>1</SP>and R<SP>2</SP>are together 
combined to be formed into a ring which may 
be substituted and R<SP>3</SP>and 
R<SP>4</SP>are together combined to be 
formed into a ring which may be substituted, 
provided that at least one of R<SP>1</SP>, 
R<SP>2</SP>, R<SP>3</SP>, 
R<SP>4</SP>, the ring formed by together 
combining R<SP>1</SP>and 
R<SP>2</SP>and the ring formed by together 
combining R<SP>3</SP>and R<SP>4</SP>is 
an aromatic condensed ring radical which is 
formed by condensing 3 or more rings and 
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may be substituted). The organic 
electroluminescent element has a layer 
containing the 2,7-diaminonaphthalene 
compound. 
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# ffl T S S . tfeM^4A5|^6f tLTtt, * "J U > . K U > , 7> h5t >. 

«*# . ^■7U>R*##**#tf6n*. ItfeSTtfe^tLTtt, ;U 7 U > , 'J 3 F > » 

■5 . 
[0100] 

iE©F-y»l)teiHi1.l:t), jfcXFttfsHcfc^T, U - if - #F 35 , 8# , 6 9 4 H . 
803H> 95 8H ( 1 980^) : B9f, 85W (1981*F) . (C ?'J # $ tl T ^ 5 it 3t 6 * & E £ . 
^TtlfflCD F-7 , #»<fcUTttffl-r-5;:£j&*-e*-5. 
[0101] 

*Xh*J»K:»LT±IBii:3fcfi*J&»F-:7'Sn5*H:. 1 o- 3 a*as«±at#ftu< 
, £ 1 01IJ5RT*«»Sl/l>. K-7Ii« 1 0" 3 II «*«TttSf 
± \Z <8f 4 T # ft V» « £ & K> . 1 0ilUlA5t«i^i { gt, 563t«*JpO<6;TC 

[0102] 

Wi»&jsi8###tfs>n, g & js m # © t 1 (A&iikgHKixqttt) j;oiwt 1 ttt 

[0103] 

L T iff $ L < , D v? £ A , A7'/^A, & , U ~ A , :* X 5 A . -f U 

a . a & . feii;4A 5 iif en?,. 

[0 10 4] 

^^^Tt^^-r^TtSfcffiffl^na^x h«fituu, m^^Tfe^^-r^Tt^ic^ffl 

Sn5*Xh«8iLT«itl//i»8i!)il:. 4 , 4 * - N , N ' - 5>* Art >/-* K 7 i 

— A & £ © # ;P A \/ - Jl, & 3| # (WO 0 0 / 7 0 6 5 5 ^fil) . F 'J X ( 8 - k F □ 
^ -> * / U > ) 7 A 5 n A (USP 6, 303, 2 3 8 ^ i ) . 2, 2', 2' ' 

- (1, 3, 5 - > if > h U ;P ) F U X [ 1 - 7i^f - 1 H-^/X-f i^V-JH 
( Appl . Phys. Le I t . , 78# , 1 6 2 2 JM , 200 1 ) . 'J k* — JV tl )V A '/ - )V (# 11 2 0 0 1 - 2 5 

7 0 7 6 4i a ) * a* * & ft * . 
[0105] 

$ *>\z*5£WVli&m,?l-5£Km : ¥-lz&WZ>%Xm 5 «. * X h«#isj:tf»3tett F - A 
> F £ # K . ma©i*fi*i*tl/TisTt)J:v». 
[0106] 

^XI5tl: F-A/h tl/Ttf ^ft5f 148^*01tt, 0. 1 1 I % W ± d« !U 

£ l < . it3 oii^EiTi'jfs i^>. cirofi*to. imm%*m-ufcmf-<D5£K%)m 

[0107] 
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fc*?i:*^T, & ftmiz%H2ti%Mft&&m ( H - A > b ) Olio, £ T # v» * *» 
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[0 10 8] 

fgftJfSCDKJPli. ® # 3 n m « ± , ff I L, < li 5 n m H J: T ft 0 , JfcIS 2 0 0 n 
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m ^ % n z> . 
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± E # K-/1> h *» « ft ■ 5 * \Z K-y$ns«^. 58 ft B 5 09KJP^l4(C«^Ti4 — 
l: H-^Snt^TfcK , if^^lCiUTlS^t^^oTfeibftU. 0>J . ]E 30 
7L«ftaJi4fi90IHBifi«fcO*K — ybfcrj. i£ K . it7fiiJcoSIifi^CO*H-yL 
T t> U . 
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[0114] 

r§ n 2 c«fflsn4tt»*ffli»* c t a< pf ffi t $> -s a* , 
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OK - m-g & > -?>7*i/0K--1>i>0K-&<§i, 7JR 
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SWT, C © ± C S I: , tt*H»*«*<*:f«C»UT'S 
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dtfcfrfcftTH*. BiAy77l36!f At^CtT, ffl M © * f © B » t E A< T 

y 7 7i 3 Cfit^n^SSCIJSns^ttiLTB, R§<I2£<£>:3>^i7 h a* < ^ 
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C CO g W (?) ^ C , Cin^TlC, S7^Dy7->^^)7^Dy7-><b^ft ( ^ B8 Bg 

6 3 - 2 9 5 6 9 5^2^8) , # U 7 - 'J > (Appl. Phys. Let t. , 6 4# > 1 2 4 5 H.1 9 94^) , # V ^ * 10 
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<?>m#{t£yQ M Bg 5 9- 1 9439 3^ i> ffi ) , 10-k F D + > 7 [h]* ; 'J >(Dg*(k& 
« , *t*y7'/-;Hii»ft, yXf »j;Hf7izJH!l#, a - ;H« * # , 3- S « 

5-b Fn + ->77*>«#ft&», *i> x * **)r - )vmi£{t&m * t t *j - )v m 
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>. n^ss{b®Si, n i« -t u > it m «& & t* a» m M 5 tl S . 

[0125] 

if 821 6 ©if tt, 51 S 5 n m « ± . #£L<tel0nm«±T;&9. £ fi 3? 2 
0 0 nmHT, !f U<«1 0 0 
[0126] 

m ^ IS it B 6 . 3E?L*3!»4£ro«KUT£#te»*tWi*ffi**j£l;:J:g$63tt*5 
±K«H-r*;ii:K:«fcOiBrii$ft*>. IStt, S^If ft#ll^ft5. 
[0 12 7] 

MIC HI S 7 t H 1 . 2W^7 , c@5«tcD^®, ^tliHi 7 ii 3 OlfiSi 6 i© 
* SB C . LiF. M g F 2 . Li 3 Ofj:t*©@fSlfe»K (ISO. 1~5ddi) £ }? A T £ C £ 

. Si © 1&i m £ ft ± £ ■& -5 W U 13 ffi 7? * -5 (Appl . Phys. Le t I . . 70# . 152H. 199 7^ 
; ft 68 ¥ 1 0-74586-^ ^ & ; IEEE T r a n s . E I e c t r on . De v i c e s , 44#, 1 24 5H, 1 99 7*£) . 
[0128] 

mzmnrntenRKftrnTte, ±.m u tz & m <o miz t> . mmtmmtv>Ni\z&M<Dm% 
it -r s < , stiftm <DBtsmx-w\z»? * z o \zjEnm.±m & o . n^-mmm ^ m 
. a 1 £ a a* © » » , ip*,. ss± i 7 > 5 . lETimmm 4 . ^12 ©n; 

ait5uife»IfT'$i0. RaLfciSfc^fc^tte — ***89itt©*^2tfc©S«© 
[0 12 9] 

[0130] 

^©J;-5^*^m#^7 J 6*^fc c fcn«. IE ?L Hi 31 Jl 4 K . iE?LaAttiiit^^iS<. o 
. mftm&ffit<vm&h'Pts.<, £ <b iz , ft v> T g £ *T L , s a t tt IS fl <t l- ft n # 58 W 
©2, 7 ->?75y t7*i/>ft&«s*«s*« ctcio. ««ES»**sj:tf3B3te2»*i 

[0131] 

St * v # 58 BJK & -5 fJ 12 - AS 3t (I) T3E$n-52, 7-?75;t7^1/>ftft»tt 

e 

[ * it #J ] 

[0 13 2] 

[0133] 
* SS «sj 1 : ffl it a %>) ( 1 ) © £ 6Jc 

<?> ffi m jsnz * -r * & w <?> 2 , 7-v75./i--75>u><t'&m (m^<t^ m ( 1 ) : 

S - 1 © N o . IO fk ^» ) & & S L t . 
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[0136] 30 
2 , 7 - zs b H □ ^ v :h 37 ^ U>16.3g(0.10 2molK p - h ;K v ? >27.3g(0.245mol)> 
^i(/3 ^$1.3g(0.005mol)t:T h 7lf L^/^'J 3 - * ^ ;U X — ^ ;MmL £ Jo * 

SiSilT, 1 65^ T5. 5PS W E £ it" fc . R*»T«, K * X ^ / - )V\ 5 0 mL £ tu 

tttt»27.5g<0.081mo],iR*80X)*»fc. 
[0137] 

2) N , N ' - (4-^^;i/^xx;U) - N , N ' - is ( 9 - y x. + > h V )l) 

-2, 7 - 7 * y±y?u><n£f& 
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[0138] 

N, N - fcf X ( 4 - ^ ^ ;U y x " ;U ) - 2 , 7 - is 7 ^ / -? 9 V >6. 40g (0. 0 1 9mo 1 20 
K 9-3-H7it>H U >16.0g(0.04 2nol), «B2.4g(0.038inol);feJ:tfMiS#U£A7. 
8g(0. 0 5 7mo!)t3 y- V 9 X ^ U > ^ U u - ;U ^ ;* ^ X - 5=- ;i^30mL^ ft] , S * T > 2 0 0X3 
T8^BSKKS tfc. K Jfc » T f£ * SiSai:fh7tHD77> (THF) 1 5 OniL £ j[J0 * ^ 

»*s«aiLfc. **K:*£*asTHF*«EE«5SLfc8fc, ca^, f# «=> n >t 

SPBi8«:^*-tf->/h;i'X>=3/i) Hctot^SU ^/-Ji/Ti5t»t^:if: 

* OHfifif»*7.54g(0.011iBOl,iR*5 8X)fe#fc. 
[0139] 

c: <d ?l e a ta * 0. 72 g ^ # m l tz t c 5 , m n ft 7 * « h #0. 51 g ( jr m n%) 

m^ntzo 0*K^<7)Ml;#W£fTofc<hC3. ft =F ft ^690T £> o fc d £ 6 , 30 
7*ttBtt#0!l*flS^» (1) T»Sdi*W«Lfc. * fc , tl' ttSD S C - 

2 0C±0Sf)»»«»)|Lt(!::5, Tg^152 , C<hS^«I^^b^ 0 it jA « A ^ # B 

s ft co ^ \z m a=s t # u o o 

[0 14 0] 

K & It ft T * @ # CD 1 H-NMR ( CDC 1 , , 2 7 0MHz) r-^HTC^t. 

8.69 (d, 2H, J=9. 3) 
8.66 (d, 2H, J = 9.3) 

8.06 (dd. 2H, J=8.2 f 0.9) 

7.70 (dd, 2H, J=7. 7, 1.6) 

7. 62 (dd, 2H, J = 6. 9, 1 . 6) 40 
7. 60-7. 49 (n, 6H) 
7.55 (s, 2H) 

7.43 (ddd, 2H, 7.2, 6.9, 0.9) 
7.13 (dd, 2H, J=8. 9, 2. 0) 
7. 0 2 - 6. 9 9 (m, 8H) 
6.89 (d. 2H, J=2. 0) 
2.26 (s, 6H) 
[0141] 

mmm 2 : m sft * • (9 i) <d * *s 

£XT<Dffifej£iZ^-t*?£m(D2, 7-zs7zi/±79U>{£&y> ( M ^ it ffo (9 1) 50 
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[ it 1 7 3 




OH 




OTf 



(CF 3 S02) 2 O TfO 

CH 2 CI 2 , Et 3 N 
0 °C^rt, 4.5 h 

[0143] 

2, 7 - y k H Dt-/t7^ U>11.8g (0. 074mol) IC lfi -fb ;* 5 1 U > 300mL*3 £ h L> X 
5=- ^ 7 5 > 5 0ml £ Jto , g PSf T . 0t I; ft S L fc . STd - F U 7J^D7J1^ 

# > R50. 0g(0. 177«ol)£ 2B$ M T JO A fc « , 2 |H) *> if X ^ ft £ T # ft b , £ ffl X* 3 0 

»Wft*l/t. KJSS£i»S*30 0nLfcttttiL. « # L fc ft . *«ft*»ftUfc. ft * ft 
ftvy^->^AT^;«« ft ft . ft ffi ft , * * S - )lT-ni£ 2> Z. £ \Z <k Q & §,22. 6 
g 

(0. 056mol , IR m 7 5X) £ ft ft . 
[0 14 4] 

2 ) 2 , 7 - t* 7. (N-i*/v/"j;H -y ~j j? > © □ s£ 

[ flS 1 8 ] 




Pd 2 (dba)3/dppf 
K 2 C0 3 

xylene 
120 °C, 8h 




[0145] 

2. 7 -t'X (F'j7J^ayf JU**r;^+y) ± y ? U >3. 50g (0.0083mol) 
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. 1l )V n v/ — ;U 3. 3 l g (0.0l98molK MRA U «)ix6.48g (0 . 0 4 6 9mo I ) \Z *c is U > 3 OmL £ jJD 
X. m. m T > 800 IC # L ft '& . h U X (y^>y'Jr>7t F>) y/^y^A ( 0 ) 
0. 17g(0. 0001 6mol) £ 1 , 1' - t7 (y7x-il/^X7>f / ) 7 x D -fe > 0 . 3 6 g ( 0 . 0 0 0 6 5 
mo 1 ) 6 09 §3 L fit (K © * f> U > » St 1 OmL * 5 » PJJ *W* T SO X tz . 1 2 Ot: T 81$ Pel £ JS £ 
fc Ife , * » H » U » , » It b fc . *DD#;i/A*5«fctf*tira;L, #r 4Sf £ « U , *r « g 
U fc . iTKffiiT^^y^AteS, Si®, « St & , •> U * J 1 ^ A 5 ^ ? D 7 h ^ 
? 7 J - (IWigl:^^t>/h;i/X>=4/l) CJ:oTSS!L, ^/-JK'iit* 

ctcj; o ae»*o.85g 

(0.0019mol,iR*22X)*M# «b ft it . 
[0146] 

:oafift*OBi»«rSff ottu5, »f 1*<4 58T'» ^ fc C t ^ 6, , fft * 

#J ^ ft $1 (9 1) T»SCt*ttBUfc. * tz , t-f - 2 Ol:i 

0^^^##r$I^Lt£:i5, TgB93tT*0, IB * B 2 5 0*0 T * fc . 
[0147] 

H-NMR (CDC1,, 2 7 0MHz) =r — $ § K T t: S t . 
8.20 (d, 2H, J=8. 5) 
8.19 (dd, 4H, J=8. 0, 1.5) 
8.12 (d, 2H, J=l . 9) 
7. 79 (dd, 2H, J = 8. 5, 1.9) 
7.53 (dd, 4H, J=8. 0, 1.5) 
7.45 (ddd, 4H, 8.0, 7.6, 1.5) 
7.33 (ddd, 4H, 8. 0, 7.6, 1 . 5) 
[0 14 8] 

* i§ #J 3 : « SHfc £ * (1) <D*»{b*W 

BAS8ii/no^>^^7tMtf-6 5 o Mat), mm^mm^h^^^juyy 

^t-^AO. lMO*fls^^U>** + T, ffSlitlTBASSGCE, »HH 
TP t #«tatLTAg»Sffl^T, M^it€> (1) Ot-Y U 7^*i^> / h 

•J-SBSLtt iftIS«tt»0.83Vvs.SCET»D, ^^m^^Tt^^CDIE 

/T7xO-fe-^A£ffl^T&^L;to 
[0 14 9] 

~> ;u £ s #t fi- §§ ( t* ) (AC - 1) &ffl^Tl$lfci:5, 

5. 0 7eVT* $> 0 . t i t Jff8 **f O I JLUiiSR t b T 1* & « I fc . 

[0150] 

* fc , :©»RK»o?ia8»o»iRX^? h^S»)6lt8*SB4 l:St. ^ 4 fc 
^T$0<> ^ia«««i:i5^TB^8«tt**L3t. 

[0151] 
Jt ft ffl 1 : itm<k&® (L) co-S/S 

2, 7 - y h H t 7^ UXOftb 0 I: 2 , 6-v ? hKn^f>^--7^U>^ffl^^c 

[0152] 
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[0153] 

it mm 2 : it tuts ^ m (l> ©«sut3fc« 

d V> it & it •& m (L) tc ^ T . HJ6«3tRiO*STt'fUyi'3SJV^>^MJ- 
4IgLfc t u 5. 8{bl7tf fitt0.51Vvs. S C Ef^ofc. ft 43 , & {fc il 7C S & 13 1*1 
IIStlT7iDt>/7iDt-f ASffiUTftSLfc. * , f»BtK»©-f:*->ft; 
^ ^ > -> AOI' £ * & M 3 £ 1^ « K ^ £ L t £ 5 . 4 . 7 5 e VT * 0 . U f *l & 0U * {b £ #3 ( 

[0154] 

% * en 4 •. m tts it & ( 1 ) fcttjaufewamj^fs^jis^oftsB 

[0155] 

«5Xl«±l;i'>y'7A-XXf{t* (I TO) jg 91 * « 9t £ 1 2 OnoJf « L ft: <D ( 
i?*YTy ? ftS ; m^t*-Agfe^p D D ; K Jfi ft 1 5 Q / s q ) Z W ft <D 7 * h U V ^ 7 7 

Sittllvf >^*ffll> T 2mmffl 07 h 5 -T 7° I: /t ^ - Ull 2 JlfiL 

. /^->«Slfc I TOIS5, 7-feh>(C<t^^ ; g^^#. & * (C J: £ * ft , -f v 

[0156] 

* K . igAy7 7i3iLTTr3ilO^SSy7S>§#* Ul-fA ( P - 1 ) 
<*»¥^# J F«25.300;#5;*lE»ifi«1711C) is J; C © (P-l) l:SLl 011% 
© T 12 {fc £ #J (P-2) £ T E © * fl= T , ±IB « 7 ^ S S ± IC 7 tf > 3 - M t . 
[0157] 





[0159] 

mm : * jk » m x ^ ;u 

( P - 1 ) iS ft : 20 [ rag/ ml ] 

( P - 2 ) jgg : 2 trng/ml] 
Xt!tlHlgS : 1 500 [ rpm] 
XlitSCffM : 30 [ » ] 

: 1 0 0 *C T 1 . 5 B? FbJ 

[0160] 

±^<DX¥>n-h\z£D 30nmO « » O - 4 »R » « 4 » t 5 »S -J 7 7 M 3 It M 
[0161] 

* k: . ns/ty 7 7i3«ft*isiLftijEi «x$i»itiAi:KiL&. c&rnm 

C0aig^ftil£#>yi; c fci9fTofc^, SirtCOR ^ S^2X 10" 4 Torr ( » 2. 7X10" 4 Pa 
) HTl:ft4ST«*«*h7-^S«^fci[|iaill#>ytffi^T#aLt. 
[0162] 



o 
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5 > 
10" ' 



[ 0 
§1 

It . 

[ 0 
[it 



9 SS t 
Pa) T- . 

16 3] 

£ A © 8 
7 ;u 5 n 

L fc . 
16 4] 
2 2 ] 



k IE s £ ft fc -t 7 s -y 9 ji y # tc ey t* {t £ <ft ( i ) un, ;i/ y # © a ffl <o 

^Saft0.1~0.17nm/g> ( ¥■ i§ 0. 1 3nm/ 6> ) T&JP40nm©IE?LI62!Ji4£ 



3ti 5 ©«fit LT, « T ii 5£ (Q-l) i> iu: (Q-2) l:it7A 
-kFD*-/+yj>«# (Al (C. H 6 NO) 3 ) *SJ:tfC545T£HP*l;:aS*L 
A © 8 - t Kd^->* / U > £g & IC *f T SC5 4 5T© fij & H0JH% Id £ 



10 




PSM--N 

' / \ 

\ ^-N O 





20 



(Q-1) 



[ 0 16 5] 
[ft2 3] 




30 



[0166] 

^ giiO. 7X !0"'Torr ( S 0. 9 x 1 0* 4 Pa) , 7JP$z«)ACD8-tFD + 

•> * y U > $g <fc CD ^ » S « 1 5nm/S> , C 5 4 5 TO * iS K ttO. 0012nm/©? T , ®l J¥ 3 0 n m 0 

[0167] 

^ T , ®^^i£Jl6£bT, ±l2t07J^-^A(Z)8-bHD + y+ yU>^ft: (Q 
-1) S:jE7Ltt2IJl4tH«tcUT3R»L,, : ©i$©7JR - ^ AO 8 - t H D + y 
•J >B»i8«B(Dl$KB0.6XI0- 6 Torr ( ft 0. 8 x l 0" 4 Pa) , & # 3£ £ tt 0. 2nm/# T 
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[0168] 

£ tt M U \z « it L . 

[0169] 

CCT. f fill 6 ^TW^S^fTofcjg^^-g^fBX^^^gaF'giO^m + tc 

t£BL. * til 1 » fife Wr t Wl m \Z L T £ B 1*1 © * 3S & #2. 5 x l 0- ' Torr ( *U 3. 2X l 0" * Pa) 
[0170] 

8^T, & m 7 £ L T . 7 y ft 'J f 5 A (LiF) S t 'J > #- h Sffl H T , MM 

a«0.01nm/#, S5.8X 10" 6 Torr (&7.5X10 - " Pa) T' M % V T . 0. 3nmc7> g| /? 

\z*?m&m e <o ±\zi&mL & \z . T^s-^A^m^tc^u^T^tf-hK^oio 

Sl/T, 33 * jS £ 0. 5nm/S> , *5I1X 10" 6 Torr (^1.3X10" 3 Pa) Tif80nmfl) 7 il' 
[0171] 

jy. _L CD t£ LT, 2inmX2mm©-y--f X© % «I« S» 5 W t 4 f IIS^ ^ IT 6, n 
. d©^^<75^7t!l#14^S-2(C. en^fss - 3 est. * - 2 1= * H T . 58 ft w 
SHi 2 50mA/ cm 2 CO m SS £ « T CD fit . fg ft #l ^ « 1 0 0 c d / m 2 T CO ffl , ft £ /"S Si IS ffi - 
m^SS^ftcofS^S:. mBEttlOOcd/m 2 TOI^ & 3: . * - 3 IC * ^ T . IE 

I*#tftKi#J WSf g 5000cd/m 2 . S S S » T O W S ¥ ® ^ T=1 5 S t . 
[0172] 

g - 2 l: S t i 5 l; , m^itS® (l) £^tf!E?lfili£JIc9<£ffll;:J;i9. 

t *« a « s n , js » s . &%}m<D m^Ftf® <e> ntz z ii &w *> & z> . « . $-3^0 

[0173] 

fcfc & fll 3 : ft. gilt -Br® (L) SttJBUfcfc-fcm^JBftaf^coftH 

E?LiSl4©«fi.!:lTeiJSfb^#l (1) © ft ft 0 (C . 2, 6-i/T5/^-7^U> 
<fc ft ft T? & -5 it £SMb ft (L) *fflt»fcCtantt. H1M4 t^II:L-Tt«f 
* ^ * fl* B L fc . CCD^^CD%^ifftt5r^-2tC*-r„ 
[0174] 

Jt tfc W 4 : Jt *Hfc ft * (A - 3) ^^JlLfcWtiimfF-fSftiit^cDfeSS 
IE ?L 6& i£ g 4 CD # £f £ L T #J S ft: ft ft (1) CD ft ft 9 lc . mf SB 4 , 4 ' -fX[N - (1 
-t7f ;p ) - N- 7i-;u7sy]f7i-;u (a - 3) Sffl^fcctettttt, * JS #J 

SB- 3 Cit. 
[0175] 

S-2, ^-3ICS-rJ:ptC, J± t£ {&J 3 , 4TfP§Sbfe^?WfS3t^l^«ll2ifi0ij4-c?^ 
[0176] 
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[cd/m 2 ] 


[Im/W] 


[cd/A] 


[V] 




38370 


11.6 


12.6 


3.5 




23180 


4.2 


6.9 


5.1 




28180 


9.0 


10.1 


3.6 
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[0177] 
[Si 8] 



-3 





[h] 


rn&m* 


150 


tfc««4 


90 



20 



[S2l±<DflJffl*J«H±] 
[0178] 

-^-mitmm^^un) © nm^mftftw t vx to # a & £ vititm ( m * tf . & ^ 

$ CD ft 21 . iSif ^yi"f f H3tl) . * * « . «»*T^©£flia< 

[0S©fB5#^itt^] 
[0179] 

C H 2] * R Bjf CD * « * If R ft m =?■ CO * Sg a> £ © SU CD 09 * * L tz 18 3t « K S B T- & -5 . 
[0 3] *36^©#*m5f*3t* : F©Sllfi©»»©»J©«**Ufc«SC69»fffiHT»S. 
[04] *tt«3iiJ:tfJttt«2K:TWJ£l,fc. »IKBO*«X'«n*f t - h Ti 

[ » n © n ] 
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s ss ft m 
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IQ (57) Abstract: It 1S an object of the present invention to provide a carbazole derivative that has a great carrier transporting property 
g and a great light emitting property, permits an uniform film to be formed, and that is unlikely to undergo crystallization and mor- 
W pholog.cally stable. In addition, it is an object of the present invention to provide a light^tnitting element from which stable light 

emission can be obtained efficiently for a long stretch of time by using the carbazole derivative. A carbazole derivative represented 
G> ^ y " le general formula (,) is synthesized. By applying this material to alight -emittina element, it becomes possible to provide a 
^ light-emitting element from which stable light emission can be obtained efficiently for a long stretch of time. [General Formula m 

is inserted.] 
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DESCRIPTION 

CARBAZOLE DERIVATIVE, LIGHT EMITTING ELEMENT, AND 
LIGHT EMITTING DEVICE 

TECH3NICAL FIELD 

The present invention relates to a carbazole derivative, and further relates to a 
light-emitting element that has an anode, a cathode, and a layer including an organic 
compound from which luminescence can be obtained by applying an electric field 
(hereinafter, referred to as "a layer including a luminescent layer"). 

BACKGROUND ART 

Organic compounds include more varied material kinds of materials in 
comparison with inorganic compounds, and have a possibility that a material that has 
various functions can be synthesized by an appropriate molecular design. Also, they 
have features that a molded article such as a film is flexible and excellent workability is 
provided by polymerization. Based on these advantages, photonics and electronics 
utilizing functional organic materials have been attracting attention recently. 

For example, examples of a photoelectric device utilizing an organic 
semiconductor material as a functional organic material include a solar cell and a 
light-emitting device (also referred to as an organic electroluminescent device), which 
are devices utilizing an electric property (carrier transporting property) and an optical 
property (light absorption or light emission) of the organic semiconductor material, and, 
among them, the light-emitting device has been showing remarkable progresses. 

The light-emitting device has a light-emitting element interposing a layer 
including a luminescent material between a pair of electrodes (an anode and a cathode), 
which is said to have the light emission mechanism that a hole injected from the anode 
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and an electron injected from the cathode are recombined in the luminescence center the 
layer including the luminescent material to form an excited state when a voltage is 
applied between the both electrodes and energy is released to emit light while moving 
back from the excited state toward the ground state. As the excited state, a singlet 
excited state and a triplet excited state are known, and luminescence is said to be 
possible through any of the singlet excited state and the triplet excited state. 

The layer including the luminescent material can have a single layer structure 
of only a light-emitting layer including a luminescent material; However, the layer 
including the luminescent material can be formed by laminating not only a 
light-emitting layer but also layers such as a hole injecting layer, a hole transporting 
layer, a hole blocking layer, an electron transporting layer, and an electron injecting 
layer. As for the light-emitting layer, by doping a host material with a guest material, 
it is possible to appropriately change a color of luminescence. In addition, depending 
on the combination of a host material and a guest material, there is a possibility of 
improving the luminance and life of luminescence. 

As materials to be used for the layer including the luminescent material, a lot 
of materials that have various structures and functions are used, which includes a 
material including a carbazole moiety that has great photoconductivity (carbazole 
derivatives), for example. Specifically, carbazole derivatives such as CBP (4, 4 - di (N 
- carbazole) biphenyl) and PVK (polyvinylcarbazole) are known, which are often used 
today. 

CBP that is a low molecular weight material is deposited mainly by 
evaporation, and is often used as a host material that has a hole transporting property in 
a light-emitting layer (for example, refer to Patent Document 1). 
(Patent Document 1) Japanese Patent Laid-Open No. 2001-244077 

However, while having a feature of a high thermal property value (great heat 
resistance), this material has disadvantages that it is hard to keep a film amorphous and 
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the film is likely to undergo crystallization when this material is used to form the film. 

On the other hand, PVK that is a high molecular weight material is deposited 
mainly by a wet method such as coating (including spin coating) or inkjet, and is often 
used as a host material in a light-emitting layer in the same way as CBP (for example, 
refer to Patent Document 2). 

(Patent Document 2) Japanese Patent Laid-Open No. 2001-257076 

The high molecular weight material has disadvantages of poor heat resistance 
and low reliability in addition to a disadvantage that the method for deposition is limited 
while having a property of being superior to the low molecular weight material in 
luminance characteristic (the highest luminance of several tens of thousands cd/m 2 ) in 
the. case of using a host material in a light-emitting layer. 

Accordingly, since each of the low molecular weight material and the high 
molecular weight material, including a carbazole moiety, has the disadvantages 
described above, material development for overcoming these disadvantages is desired in 
order to further improve characteristics of a light-emitting element. 

DISCLOSURE OF INVENTION 

It is an object of the present invention to provide a carbazole derivative that has 
a great carrier transporting property and a great light emitting property, permits an 
uniform film to be formed, and that is unlikely to undergo crystallization and 
morphologically stable. In addition, it is an object of the present invention to provide a 
light-emitting element from which stable light emission can be obtained for a long 
stretch of time and a light-emitting device using the light-emitting element. 

A lot of earnest studies of the inventors have finally found out that a carbazole 
derivative represented by the following general formula (1) has a great carrier 
transporting property and a great light emitting property and is unlikely to crystallize. 
Accordingly, an aspect of the present invention is a carbazole derivative represented by 
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the following general formula (1). 



R 1 




(where R a is one of hydrogen, halogen, a cyano group, an alkyl group having 1 to 20 
carbon atoms, a haloalkyl group having 1 to 20 carbon atoms, an alkoxyl group having 
1 to 20 carbon atoms, a substituted or unsubstituted aryl group, and a substituted or 
unsubstituted heterocyclic group, and R 2 to R 5 may be identical or different, and are 
individually one of hydrogen, halogen, a cyano group, an alkyl group having 1 to 20 
carbon atoms, an alkoxyl group having 1 to 20 carbon atoms, an acyl group having 1 to 
20 carbon atoms, a haloalkyl group having 1 to 20 carbon atoms, a dialkylamino group 
having 1 to 20 carbon atoms, a diarylamino group having 1 to 20 carbon atoms, a 
substituted or unsubstituted heterocyclic group, and a carbazolyl group.) 

By using the carbazole derivative mentioned above, a light-emitting element 
from which stable light emission can be obtained efficiently for a long stretch of time 
can be provided. Accordingly, another aspect of the present invention is a 
light-emitting element including the carbazole derivative mentioned above. Since the 
carbazole derivative according to the present invention has a great hole transporting 
property, a light-emitting element including the carbazole derivative mentioned above 
as a hole transporting material is preferable. 

Further, the carbazole derivative according to the present invention has a 
feature of showing a light-emitting property. Therefore, a light-emitting element using 
the carbazole derivative according to the present invention as a luminescent material 
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can be formed. 

Further, the carbazole derivative according to the present invention has a 
feature of a large energy gap. Therefore, the carbazole derivative can be used as a host 
material to form a light-emitting layer in combination with a guest material. 

In the case mentioned above, the carbazole derivative according to the present 
invention is preferable particularly in the case of using a phosphorescent material 
requiring a host material with a large energy gap as a guest material. 

By implementing the present invention, a carbazole derivative that has a great 
carrier transporting property and a great light emitting property, permits an uniform film 
to be formed, and is unlikely to undergo crystallization and morphologically stable, can 
be obtained. In addition, by using the carbazole derivative, it is possible to obtain a 
light-emitting element from which stable light emission can be obtained efficiently for a 
long stretch of time. 

BRIEF DESCRIPTION OF DRAWINGS 
In the accompanying drawings: 

Fig. 1 is a diagram illustrating a light-emitting device; 

Fig. 2 is a diagram showing a fluorescence spectrum of a carbazole derivative; 
Fig. 3 is a diagram showing a UV-Vis absorption spectrum of the carbazole 
derivative; 

Fig. 4 is a diagram showing a *H NMR spectrum of a carbazole derivative; 
Fig. 5 is an enlarged view of the J H NMR spectrum of the carbazole derivative; 
Fig. 6 is a diagram showing a fluorescence spectrum of the carbazole 
derivative; 

Fig. 7 is a diagram showing a UV-Vis absorption spectrum of the carbazole 
derivative; 

Fig. 8 is a diagram showing a *H NMR spectrum of a carbazole derivative; 
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Fig. 9 is a diagram showing a 13 C NMR spectrum of the carbazole derivative; 
Fig. 10 is an enlarged view of the n C NMR spectrum of the carbazole 
derivative; 

Fig. 11 is a diagram a diagram showing a fluorescence spectrum of the 
carbazole derivative; 

Fig. 12 is a diagram showing a UV-Vis absoiption spectrum of the carbazole 
derivative; 

Fig. 13 is a diagram illustrating a structure of a light-emitting element 
according to the present invention; 

Fig. 14 is a diagram illustrating a structure of a light-emitting element 
according to the present invention; 

Figs. 15A and 15B are diagrams illustrating a light-emitting device. 

Figs. 16Ato 16C are diagrams illustrating electronic devices. 

BEST MODE FOR CARRYING OUT THE INVENTION 
[Embodiment 1] 

A carbazole derivative according to the present invention has a structure 
represented by the above-mentioned general formula (1). Specific examples of R* 
include hydrogen, halogen elements such as fluorine and chlorine, cyano groups, alkyl 
groups such as a methyl group, an ethyl group, an isopropyl group, and a cyclohexyl 
group, haloalkyl groups such as a trifluoromethyl group, alkoxyl groups such as a 
methoxy group, an ethoxy group, an isopropoxy group, and a cyclohexyloxy group, aryl 
groups such as a phenyl group, a naphthyl group, and an anthryl group, and heterocyclic 
groups such as an imidazolyl group, an oxathiolyl group, and a thiazolyl group. R 2 to 
R 5 may be identical or different, and specific examples of R 2 to R 5 include hydrogen, 
halogen elements such as fluorine and chlorine, cyano groups, alkyl groups such as a 
methyl group, an ethyl group, an isopropyl group, and a cyclohexyl group, alkoxyl 
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groups such as a methoxy group, an ethoxy group, an isopropxy group, and a 
cyclohexyloxy group, acyl groups such as an acetyl group, an acroyl group, a malonyl 
group, a benzoyl group, and a naphthoyl group, haloallcyl groups such as a 
trifluoromethyl group, dialkylamino groups such as a dimethylamino group, a 
diethylamino group, and a diisopropyl amino group, diarylamino groups such as a 
diphenylamino group, heterocyclic groups such as an imidazolyl group, an oxathiolyl 
group, and a thiazolyl group, and carbazolyl groups. 

In addition, as specific examples of carbazole derivatives to be formed 
according to the present invention, by appropriately changing the structures of Ri to R5 
in the general formula (1), for example, carbazole derivatives represented by the 
following structure formulas (2) to (75) can be formed by appropriately changing the 
structures of Ri to R 5 in the general formula (1). However, the present invention is not 
to be considered limited to these. 



H 




WO 2005/040117 



PCT/JP2004/016184 




WO 2005/040117 



PCT/JP2004/016184 





N 



C2H5 




2 n 5 



C 2 H 5 '' N "" C 2 H 5 



H3CCH 



.CH. 



H 3 C 




CH'CHg 

-CH a 



CH 3 



CH— N. 



9 H ~CH 3 HaC-CH^CH-CHa 
CH 3 



(14) 



(15) 



PCT/JP2004/016184 



11 




(1 6) 





WO 2005/040117 



PCT/JP2004/016184 






WO 2005/040117 



PCT/JP2004/016184 




WO 2005/040117 



PCT/JP2004/016184 



15 



H 3 C'CH 



.CHa 



CH'CH 3 




-CH 3 H 3 C-ch" CH-"3 
CH 3 CH 3 



(3 3) 




WO 2005/040117 PCT/JP2004/016184 




(3 6) 



(3 7) 



(3 8) 



(3 9) 



(4 0) 



WO 2005/040117 



PCT/JP2004/016184 



17 

C 2 H 5 
i 




(4 1) 



(4 2) 



(4 3) 



(44) 



C 2 H 5 
i 



WO 2005/040117 



PCT/JP2004/016184 





WO 2005/040117 



PCT/JP2004/016184 





(5 0) 



(5 1) 



(5 2) 



WO 2005/040117 

21 




PCT/JP2004/016184 



(5 7) 



(5 8) 



(5 9) 



(6 0) 



(6 1) 



WO 2005/040117 PCT/JP2004/016184 




(6 2) 



(6 3) 



(64) 



(6 5) 



WO 2005/040117 



PCT/JP2004/016J84 




(7 0) 



(7 1) 



(7 2) 



WO 2005/040117 



PCT/JP2004/016184 



25 




WO 2005/040117 



26 



PCT/JP2004/016184 



Various reactions can be applied to a synthesis method of the carbazole 
derivative according to the present invention. As a synthesis scheme of the carbazole 
derivative represented by the above-mentioned structure formula (56), there is the 
following method. However, the synthesis method of the carbazole derivative 
according to the present invention is not to be considered limited to this. 



PH 3 




(7 6) 

[Embodiment 2] x 

According to the present invention, a light-emitting element can be 
manufactured by using the carbazole derivative shown in Embodiment 1. 

A light-emitting element according to the present invention has a structure that 
has an organic thin layer including a light-emitting layer (a layer including a 
luminescent material) between an anode and a cathode. The structure is not 
particularly limited, which can be selected appropriately for any purpose. For example, 
the structure may have protective films for suppressing quenching in a light-emitting 
region between the anode and the light-emitting layer or between the cathode and the 
light-emitting layer, that is, may have another layers such as a hole injecting layer, a 
hole transporting layer, an electron transporting layer, and a electron injecting layer. In 
this case, the carbazole derivative according to the present invention can be used as a 
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material for forming the light-emitting layer, the hole transporting layer, or the hole 
injecting layer. 

In the light-emitting element according to the present invention, light generated 
by recombination of carriers in the layer including the luminescent material is emitted 
5 from one or both of the anode and the cathode to the outside. In other words, the 
anode is formed to include light-transmitting material in the case where light is emitted 
from the anode while the cathode is formed to include a light-transmitting material in 
the case where light is emitted from the cathode. 

For the layer including the luminescent material, known materials can be used, 
10 and any of low molecular weight materials and high molecular weight materials can be 
used. The carbazole derivative according to the present invention is included in the 
layer including the luminescent material in the light-emitting element of the present 
embodiment. The materials for forming the layer including the luminescent material 
includes not only organic compounds but also an inorganic compound included in a 
15 portion of the layer including the luminescent material. 

In the present invention, in the case of using the carbazole derivative for the 
light-emitting layer, the layer including the luminescent material can be formed by 
combining a light emitting layer including a luminescent material with a layer which do 
not include a luminescent material between electrodes. In other words, the layer 
20 including the luminescent material can have a laminated structure by combining layers 
such as the hole injecting layer, the hole transporting layer, the hole blocking layer, the 
electron transporting layer, and the electron injecting layer as appropriate in addition to 
the light-emitting layer. 

Now, a light-emitting element that has a first electrode that functions as an 
25 anode; a hole injecting layer, a hole transporting layer, a light-emitting layer, an electron 
transporting layer, and a hole blocking layer, which are formed in this order on the first 
electrode; and a second electrode that functions as a cathode, which is formed further 
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thereon, and includes the carbazole derivative according to the present invention as a 
material for forming the hole transporting layer will be described. 

It is preferable that the light-emitting element according to the present 
invention is supported by a substrate. The substrate is not particularly limited, and a 
5 substrate that is used for a conventional light-emitting element, for example, a substrate 
including a material such as glass, quartz, or transparent plastic can be used. 

As an anode material for the light-emitting element according to the present 
invention, it is preferable to use a metal, an alloy, an electrically conductive compound, 
or a mixture thereof, which has a large work function (a work function of 4.0 eV or 

10 more). As a specific example of the anode material, a metal such as gold (Au), 
platinum (Pt), nickel (Ni), tungsten (W), chromium (Cr), molybdenum (Mo), iron (Fe), 
cobalt (Co), copper (Cu), or palladium (Pd), and a nitride of a metal material such as 
TiN can be used in addition to ITO (indium tin oxide) and IZO (indium zinc oxide) of 
indium oxide mixed with zinc oxide (ZnO) at 2 to 20 %. 

15 On the other hand, as a cathode material, it is preferable to use a metal, an alloy, 

an electrically conductive compound, or a mixture of these, which has a small work 
function (a work function of 3.8 eV or less). As a specific example of the cathode 
material, an alkali metal (such as Li, Na, K, or Cs), an alkali earth metal (such as Mg or 
Ca), gold, silver, lead, aluminum, an alloy or mixed metal of aluminum and lithium, and 

20 an alloy or mixed metal of magnesium and silver can be used. Further, between the 
cathode including the metal mentioned above and an organic layer, one of a metal oxide 
and a metal halide may be used as an electron injecting layer. As specific examples of 
the electron injecting layer, metal oxides such as lithium oxide (Li 2 0), magnesium 
oxide (MgO), and aluminum oxide (A1 2 0 3 ) and metal halides such as lithium fluoride 

25 (LiF), magnesium fluoride (MgF 2 ), strontium fluoride (SrF 2 ) can be used. 

A thin film including the anode material and a thin film including the cathode 
material are formed by a method such as evaporation or sputtering to form the anode 
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and the cathode respectively, which preferably have a film thickness of 10 to 500 nm. 

As a hole injecting material for forming the hole injection layer, 
porphyrin-based compounds are efficient among organic compounds. For example, 
phthalocyanine (hereinafter, referred to as H 2 -Pc) and copper phthalocyanine 
5 (hereinafter, referred to as Cu-Pc) can be used. In addition, a material of a chemically 
doped conductive polymer such as polyethylene dioxythiophene (hereinafter, referred to 
as PEDOT) doped with polystyrene sulfonate (hereinafter, referred to as PSS) can be 
used. 

As a hole transporting material for forming the hole transporting layer, the 
10 carbazole derivative according to the present invention can be used. In this case, any 
of the carbazole derivatives represented by the structure formulas (2) to (75) may be 
used. 

As a luminescent material to be used for the light-emitting layer, in addition to 
metal complexes such as Alq3, Almq 3 , BeBq 2 , BAlq, Zn(BOX)2, and Zn(BTZ)2, various 

15 fluorescent pigments such as (hereinafter, referred to as TBiPy) are efficient. One of 
these materials may be used to form the light-emitting layer, or two or more of the 
materials may be combined to form the light-emitting layer. 

As an electron transporting material for forming the electron transporting 
material, a metal complex that has a quinoline moiety or a benzoquinoline moiety such 

20 as tris (8 - quinolinolato) aluminum (hereinafter, referred to as Alq 3 ), tris (4 - methyl - 8 
- quinolinolato) aluminum (hereinafter, referred to as Almq 3 ), or bis (10 - hydroxybenzo 
[h] - quinolinato) beryllium (herenafter, referred to as BeBq2), and bis (2 - methyl - 8 - 
quinolinolato) - (4 - hydroxy - biphenylyl) - aluminum (hereinafter, referred to as BAlq) 
that is a mixed ligand complex are preferred. In addition, there is also a metal 

25 complex that has an oxazole-based, thiazole-based, or benzimidazole-based ligand such 
as bis [2 - (2 - hydroxyphenyl) - benzoxazolato] zinc (hereinafter, referred to as 
Zn(BOX)2), bis [2 - (2 - hydroxyphenyl) - benzothiazolato] zinc (hereinafter, referred to 
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as Zn(BTZ) 2 ), or tris - (2 - (2' - hydroxyphenyl) - 1 - phenyl - 1H - benzimidazolate) 
aluminum (hereinafter, referred to as A1(PBI) 3 ). In addition to the metal complexe, 
oxadiazole derivatives such as 2 - (4 - biphenylyl) - 5 - (4 - tert - butylphenyl) - 1, 3, 4 - 
oxadiazole (hereinafter, referred to as PBD) and 1, 3 - bis [5 - (p - tert - butylphenyl) - 1, 
5 3, 4 - oxadiazole - 2 - yl] benzene (hereinafter, referred to as OXD-7), triazole 
derivatives such as 3 - (4 - tert - butylphenyl) - 4 - phenyl - 5 - (4 - biphenylyl) - 1, 2, 4 - 
triazole (hereinafter, referred to as TAZ) and 3 - (4 - tert - butylphenyl) - 4 - (4 - 
ethylphenyl) - 5 - (4 - biphenylyl) - 1, 2, 4 - triazole (hereinafter, referred to as 
p-EtTAZ), phenanthroline derivatives such as bathophenanthroline (hereinafter, referred 

10 to as BPhen) and bathocuproin (hereinafter, referred to as BCP), and benzimidazole 
derivatives such as 2, 2', 2" - (1, 3, 5 - benzenetriyl) tris - [1 - phenyl - 1H - 
benzimidazole] (hereinafter, referred to as TPBI), 1, 3, 5 - tris [4 - (1 - phenyl - 1H - 
benzimidazole - 2 - yl) phenyl] benzene (hereinafter, referred to as TPBEBB), and 9 - 
phenyl - 2, 4, 5, 7 - tetrakis (1 - phenyl - 1H - benzimidazole - 2 - yl) - carbazole 

15 (hereinafter, referred to as PBIC) can be used. 

As a hole blocking material for forming the hole blocking layer, materials such 
as the above-mentioned BAlq, OXD-7, TAZ, p-EtTAZ, BPhen, and BCP can be used. 

As described above, the carbazole derivative according to the present invention 
can be used as a material for forming the hole transporting layer. 

20 Next, a case of using the carbazole derivative according to the present 

invention as a material for forming the light-emitting layer will be described. 

The carbazole derivative according to the present invention can also be used as 
a host material or guest material of the light-emitting layer. 

In the case of using the carbazole derivative according to the present invention 

25 as a host material of the light-emitting layer, triplet luminescent materials 
(phosphorescent materials) such as tris (2 - phenylpyridine) iridium (hereinafter, 
referred to as Ir(ppy) 3 ) and 2, 3, 7, 8, 12, 13, 17, 18 - octaethyl - 21H, 23H - porphyrin - 
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platinum (hereinafter, referred to as PtOEP) can be used as a guest material in addition 
to quinacridone, diethyl quinacridone (DEQ), rubrene, perylene, DPT, Co-6, PMDFB, 
BTX, ABTX, DCM, and DCJT. 

In the case of using the carbazole derivative according to the present invention 
5 as a guest material of the light-emitting layer, materials such as TPD, a-NPD, TCTA, 
PBD, OXD-7, BCP can be used as a host material. 

As a hole transporting material for forming the hole transporting layer, an 
aromatic amine-based compound (that is, a compound that has a benzene ring-nitrogen 
bond) is preferred. As materials that are widely used, for example, in addition to N, ISP 

10 - bis (3 - methylphenyl) - N, N ? - diphenyl - [1, V - biphenyl] - 4, 4' - diamine 
(hereinafter, referred to as TPD), derivatives thereof such as 4, 4' - bis [N - (1 - 
naphthyl) - N - phenyl - amino] - biphenyl (hereinafter, referred to as a-NPD), 
starburst aromatic amine compounds such as 4, 4% 4" - tris (N-carbazolyl) - 
triphenylamine (hereinafter, referred to as TCIA), 4, 4\ 4" - tris (N, N - diphenyl - 

15 amino) - triphenylamine (hereinafter, referred to as TDATA), and 4, 4% 4" - tris [N - (3 - 
methylphenyl) - N - phenyl - amino] - triphenylamine (hereinafter, referred to as 
MTDAIA), and pyrene derivatives such as TBiPy are included. 

As described above, a light-emitting element from which stable light emission 
can be obtained at a reduced driving voltage efficiently for a long stretch of time can be 

20 manufactured by using the carbazole derivative according to the present invention, 
which has material properties of having a great hole transporting property, permitting an 
uniform film to be formed, and being unlikely to undergo crystallization and 
morphologically stable. 

25 [Embodiment 3] 

In the present embodiment, a light-emitting element using the carbazole 
derivative according to the present invention is manufactured over a substrate including 
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a material such as glass, quartz, or transparent plastic. By manufacturing a plurality of 
light-emitting elements using the carbazole derivative according to the present invention 
over a substrate, a passive matrix light-emitting device can be manufactured. In 
addition, other than the substrate including the material such as glass, quartz, or 
5 transparent plastic, for example, as shown in Fig. 1, a light-emitting element in contact 
with a thin film transistor (TFT) array may be manufactured. In Fig. 1, reference 
numeral 10 denotes a substrate, portions 11 and 12 surrounded by dashed lines 
respectively denote TFTs, and reference numerals 14, 15, 16, and 17 respectively denote 
a first electrode, a layer including a luminescent material, a second electrode, and a 

10 wiring. In addition, a portion where the first electrode 14, the layer 15 including the 
luminescent material, and the second electrode 16 are laminated functions a 
light-emitting element 13. In this way, an active matrix light-emitting device where 
driving of a light-emitting element is controlled by a TFT can be manufactured. The 
structures of the TFTs are not particularly limited. For example, a staggered TFT and 

15 an inversely staggered TFT may be used. In addition, the degree of crystallinity a 
semiconductor layer forming the TFT is not particularly limited, either. A crystalline 
semiconductor layer or an amorphous semiconductor layer may be used to form the 
TFT. 

20 [Example 1] 

(Synthesis Example 1) 

In Synthesis Example 1, an example of synthesizing the carbazole derivative 
represented by the above-mentioned structure formula (56) will be specifically 
exemplified. 

25 In an atmosphere of argon, 16.59 g (30 mmol) of N - ethyl - 3, 6 - 

dibromocarbazole and 12.09 g (66 mmol) of 3 - methyldiphenylamine were dissolved in 
100ml of dehydrated xylene. Then, 5.7 g (30 mmol) of copper iodide and 22.8 g (200 
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mmol) of trans-cyclohexanediamine were added to the xylene solution, and stirring was 
performed at 160 °C for 30 minutes. After the stirring, 27.6 g (130 mmol) of 
potassium phosphate was added, and stirring was performed further for 9 days. After 
the stirring and cooling to room temperature, 300 ml of toluene was added, and a 
5 precipitated object was filtered. The obtained filtrate was condensed, diethyl ether was 
added to the filtrate, and a precipitated object was filtered. Then, when methanol was 
added to the obtained filtrate, a tarry object was precipitated on a surface of the beaker. 
The filtrate with the tarry object was left at rest overnight, and the liquid phase was 
removed by decantation to obtain the tarry object. This obtained tarry object was 

10 purified by silica gel column chromatography using hexanerchloroform (1:2) to obtain 3, 
6 - bis [N - (3 - methylphenyl) - N - phenylamino] - 9 - ethylcarbazole (the above 
structure formula (56); hereinafter, referred to as EtCzmP2) that is light green powder. 
The obtained EtCzmP2 was purified by sublimation while setting at a higher 
temperature of 300 °C and a lower temperature of 200 °C. The yield after the 

15 purification by sublimation was approximately 10 %. 

It was determined according to a thermogravimetry-differential thermal 
analysis (TG-DTA) measurement that the thermal decomposition temperature of the 
obtained EtCzmP2 was 310 °C. When vacuum deposition was used to deposit the 
carbazole derivative, it was possible to form an uniform film. 

20 When fluorescence spectrums of a thin film and solution (solvent: methanol) of 

the obtained EtCzmP2 were measured, the obtained fluorescence spectrums respectively 
had a maximum peak at 435 run with respect to an excitation wavelength (312 nm) in 
the case of the thin film and a maximum peak at 400 nm with respect to an excitation 
wavelength (290 nm) in the case of the solution (Fig. 2). In addition, when UV-Vis 

25 absorption spectrums of the thin film and solution (solvent: methanol) of the obtained 
EtCzmP2 were measured, a maximum absorption wavelength of 312 nm was obtained 
in the case of the thin film and a maximum absorption wavelength of 303 nm was 
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obtained in the case of the solution (Fig. 3). 

Further, the value of a HOMO level that was measured by using Electron 
Spectrometer for Chemical Analysis AC-2 (from Riken Keiki Co., Ltd.) is -5.18 eV. In 
addition, the value of a LUMO level that was estimated by adding the value of an 
5 absorption edge of the absorption spectrum (Fig. 3), as an energy gap, to the value of 
the HOMO level is -1.71 eV. 

(Synthesis Example 2) 

In Synthesis Example 2, an example of synthesizing the carbazole derivative 
10 represented by the above-mentioned structure formula (75) will be specifically 
exemplified. 

In Synthesis Example 2, a raw material, 12.03 g (30 mmol) of N - phenyl - 3, 6 
- dibromocarbazole was used to obtain 3, 6 - bis [N - (3 - methylphenyl) - N - 
phenylamino] - 9 - phenylcarbazole (the above structure formula (75); hereinafter, 

15 referred to as PhCzmP2) that is a carbazole derivative according to the present invention 
in the same way as in Synthesis Example 1 described above. The obtained PhCzmP2 
was purified by sublimation while setting at a higher temperature of 290 °C and a lower 
temperature of 90 0 C. The yield after the purification by sublimation was 
approximately 10 %. Fig. 4 shows a *H NMR spectrum of the obtained PhCzmP2, and 

20 Fig. 5 shows an enlarged view of a region (A) surrounded by a dashed line in Fig. 4. 
Here is data of the a H NMR of the obtained PhCzmP2. 

*H NMR (300 MHz, DMSO-d); 6 = 3.31 (s, 6H), 6.74 (s, 2H), 6.75 (d, j = 6.0, 
4H), 6.85-6.91 (m, 6H), 7.08 (t, j = 7.8, 2H), 7.15-7.20 (m, 6H), 7.33 (d, j = 8.7, 2H), 
7.51 (t, j = 7.2, 1H), 7.58-7.68 (m, 4H), 7.91 (s, 2H) 

25 It was determined according to a TG-DTA measurement that the thermal 

decomposition temperature of the obtained PhCzmP2 was 230 °C. When vacuum 
deposition was used to deposit the carbazole derivative, it was possible to form an 
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uniform film. 

When fluorescence spectrums of a thin film and solution (solvent: methanol) of 
the obtained PhCzmP2 were measured, the obtained fluorescence spectrums 
respectively had a maximum peak at 430 nm with respect to an excitation wavelength 
5 (308 nm) in the case of the thin film and a maximum peak at 439 nm with respect to an 
excitation wavelength (320 nm) in the case of the solution (Fig. 6). In addition, when 
an UV-Vis absorption spectrum of the thin film of the obtained PhCzmP2 was measured, 
a maximum absorption wavelength of 308 nm was obtained (Fig. 7). 

Further, the values of a HOMO level and a LUMO level that were measured in 
10 the same way as in Synthesis Example 1 described above are -5.40 eV and -2.39 eV, 
respectively. 



(Synthesis Example 3) 

In Synthesis Example 3, an example of synthesizing the carbazole derivative 
15 represented by the above-mentioned structure formula (76) will be specifically 
exemplified. 

In Synthesis Example 3, raw materials, 12.03 g (30 mmol) of N - phenyl - 3, 6 
- dibromocarbazole and diphenylamine (12.18 g, 72 mmol) were used to obtain N - 
phenyl - 3, 6 - di - (diphenylamino) carbazole (3, 6 - di - (diphenylamino) N - 

20 phenylcarbazole) (the above structure formula (76); hereinafter, referred to as PhCzP2) 
that is a carbazole derivative according to the present invention in the same way as in 
Synthesis Example 1 described above. The obtained PhCzP2 was purified by 
sublimation while setting at a higher temperature of 270 °C and a lower temperature of 
175 °C. The yield after the purification by sublimation was approximately 50 %. 

25 Fig. 8 shows a l H NMR spectrum of the obtained PhCzP2, Fig. 9 shows a 13 C NMR 
spectrum of the obtained PhCzP2, and Fig. 10 shows an enlarged view of a region (A) 
surrounded by a dashed line in Fig. 9. Here is data of *H NMR and U C NMR of the 
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obtained PbCzP2. 

*H NMR (300 MHz, DMSO-d); 6 = 6.88-6.95 (m, 12H), 7.17-7.23 (m, 10H), 
7.35 (d, j = 4.5, 6H), 7.56-7.69 (m, 5H), 7.97 (s, 2H) 

13 C NMR (300 MHz, DMSO-d); 5 = 111.1, 119.4, 121.6, 122.0, 123.6, 126.4, 
5 126.8, 127.8, 1293, 130.2, 136.7, 138.2, 139.9, 148.0 

It was determined according to a TG-DTA measurement that the thermal 
decomposition temperature of the obtained PhCzP2 was 365 °C. When vacuum 
deposition was used to deposit the carbazole derivative, it was possible to form an 
uniform film. 

10 When fluorescence spectrums of a thin film and solution (solvent: 

dichloromethane) of the obtained PhCzP2 were measured, the obtained fluorescence 
spectrums respectively had a maximum peak at 429 nm with respect to an excitation 
wavelength (313 nm) in the case of the thin film and a maximum peak at 435 nm with 
respect to an excitation wavelength (315 nm) in the case of the solution (Fig. 11). In 

15 addition, when UV-Vis absorption spectrums of the thin film and dichloromethane 
solution of the obtained PhCzP2 were measured, a maximum absorption wavelength of 
313 nm was obtained in the case of the thin film and a maximum absorption wavelength 
of 305 nm was obtained in the case of the solution (Fig. 12). 

Further, the values of a HOMO level and a LUMO level that were measured in 

20 the same way as in Synthesis Example 1 described above are -531 eV and -2.57 eV, 
respectively. 

[Example 2] 

In the present example, a case of using a carbazole derivative according to the 
25 present invention for a portion of a layer including a luminescent material to 
manufacture a light-emitting element, specifically, a structure in the case of a carbazole 
derivative according to the present invention as a hole transporting material will be 
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described with reference to Fig. 13. 

First, a first electrode 101 for a light-emitting element is formed over a 
substrate 100. In the present example, the first electrode 101 functions as an anode. 
ITO that is a transparent conductive film is used as a material to form the first electrode 
5 101 with a film thickness of 110 nm by sputtering. 

Next, a layer 102 including a luminescent material is formed on the first 
electrode (anode) 101. The layer 102 including the luminescent material in the present 
example has a laminated structure including a hole injecting layer 111, a hole 
transporting layer 112, a light-emitting layer 113, an electron transporting layer 114, and 
10 an electron injecting layer 115. 

The substrate over which the first electrode 101 is formed fixed in a substrate 
holder of a commercially produced vacuum deposition device with the surface at which 
the first electrode 101 is formed down, copper phthalocyanine (hereinafter, referred to 
as Cu-Pc) is put in an evaporation source provided in the vacuum deposition device, and 
15 then, the hole injecting layer 111 is formed by evaporation using resistance heating to 
have a film thickness of 20 nm. As a material for forming the hole injecting layer 111, a 
known hole injecting material can be used. 

Then, the hole transporting layer 112 is formed. In the present example, as a 
material for forming the hole transporting layer 112, EtCzmP2 that is a carbazole 
20 derivative according to the present invention is used to form the hole transporting layer 
112 with a film thickness of 40 nm by evaporation. 

Then, the light-emitting layer 113 is formed. In the light-emitting layer 113, a 
hole and an electron are recombined to generate luminescence (to emit light). As a 
material for forming the light-emitting layer 113, known luminescent materials can be 
25 used. In the present example, TBiPy is used to form the light-emitting layer 113 with a 
film thickness of 30 nm by evaporation. 

Then, the electron transporting layer 114 is formed. As a material for forming 
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the electron transporting layer 114, a known electron transporting material can be used. 

In the present example, Alq 3 is used to form the electron transporting layer 114 with a 

film thickness of 20 nm by evaporation. 

Then, the electron injecting layer 115 is formed. As a material for forming 
5 the electron injecting layer 115, a known electron injecting material can be used. In 

the present example, calcium fluoride (hereinafter, referred to as CaF2) is used to form 

the electron transporting layer 115 with a film thickness of 2 nm by evaporation. 

After forming the layer 102 including the luminescent material, which is 

formed by laminating the hole injecting layer 111, the hole transporting layer 112, the 
10 light-emitting layer 113, the electron transporting layer 114, and the electron injecting 

layer 115 in this way, a second electrode 103 that functions as a cathode is formed by 

sputtering or evaporation. In the present example, aluminum (150 nm in film 

thickness) is formed by evaporation on the layer 102 including the luminescent material 

to obtain the second electrode 103. 
15 In this way, the light-emitting element using the carbazole derivative according 

to the present invention is formed. 

When a voltage is applied to the manufactured light-emitting element, blue 

luminescence was observed at a voltage of 5 V or more, and at an applied voltage of 10 

V, blue luminescence with a luminance of 949 cd/m 2 (CIE chromatic coordinated of the 
20 EL (electroluminescence) : x = 0.170, y = 0.184) was observed. The luminous 

efficiency at the voltage of 10 V was 1.49 cd/A. 

[Example 3] 

In the present example, a case of using a carbazole derivative according to the 
25 present invention as a hole transporting material will be described with reference to Fig. 
14. In the present example, structures of a substrate 200, a first electrode 201, a 
second electrode 203, a hole injecting layer 211, a light-emitting layer 213, an electron 
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transporting layer 214, and an electron injecting layer 216 are the same as those of 
Example 2. Accordingly, descriptions thereof are omitted. 

Of a layer 202 including a luminescent material to be formed on a first 
electrode 201, a hole transporting layer 212 to be formed to come in contact with the 
5 hole injecting layer 211 as shown in Fig. 14 is formed by evaporation using PhCzmP2 
that is a carbazole derivative according to the present invention to have a film thickness 
of 40 nm. 

Then, a light-emitting element using the carbazole derivative according to the 
present invention can be manufactured by forming the second electrode 203 on the layer 

10 202 including the luminescent material, which is formed by laminating the hole 
injecting layer 211, the hole transporting layer 212, the light-emitting layer 213, the 
electron transporting layer 214, and the electron injecting layer 215 in this way. 

In this way, the light-emitting element using the carbazole derivative according 
to the present invention is manufactured. 

15 When a voltage is applied to the manufactured light-emitting element, blue 

luminescence was observed at a voltage of 4.6 V or more, and at an applied voltage of 
10 V, blue luminescence with a luminance of 2105 cd/m 2 (CEE chromatic coordinated of 
the EL (electroluminescence) : x = 0.197, y = 0.239) was observed. The luminous 
efficiency at the voltage of 10 V was 1.87 cd/A. 

20 The carbazole derivative according to the present invention has a hole 

transporting property. Therefore, the carbazole derivative can be used as a hole 
transporting layer of a layer including a luminescent material, as shown in Examples 2 
and 3 described above. Further, the carbazole derivative according to the present 
invention permits an uniform film to be formed, and is unlikely to undergo 

25 crystallization and morphologically stable, which makes it possible to expand the life of 
a light-emitting element. 
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[Example 4] 

In the present example, a light-emitting device that has a light-emitting element 
according to the present invention in a pixel portion will be described with reference to 
Figs. 15A and 15B. Fig. 15A is a top view showing the light-emitting device and Fig. 
5 15B is a cross-sectional view taken along line A-A* in Fig. 15A. Reference numeral 
601 indicated by a dotted line denotes a driver circuit portion (a source side driver 
circuit), reference numeral 602 denotes a pixel portion, and reference numeral 603 
denotes a driver circuit portion (a gate side driver circuit). In addition, reference 
numerals 604 and 605 denote a sealing substrate and a sealing material, respectively. 
10 The inside surrounded by the sealing material 605 is a space 607. 

Reference numeral 608 denotes a leading wiring for transmitting signals to be 
input to the source side driver circuit 601 and the gate side driver circuit 603, and 
receives signals such as a video signal, a clock signal, a start signal, and a reset signal 
from FPC (Flexible Printed Circuit) 609 that serves as an external input terminal. A 
15 printed wiring board (PWB) may be attached to this FPC. The light-emitting device in 
the specification includes not only a light-emitting device body but also a state where an 
FPC or a PWB is attached thereto. 

Next, the sectional structure will be explained with reference to Fig. 15B. The 
driver circuits and the pixel portion are formed over a substrate 610. Here, the source 
20 side driver circuit 601 as the driver circuit portion and the pixel portion 602 are shown. 

In the source side driver circuit 601, a CMOS circuit is formed of a 
combination of an n-channel TFT 623 and a p-channel TFT 624. The TFTs forming 
the driver circuit may be formed of a known CMOS circuit, PMOS circuit, or NMOS 
circuit. Although the present example shows a driver integrated type in which a driver 
25 circuit is formed over a substrate, which is not always necessary, the driver circuit can 
be formed not over the substrate but outside the substrate. 

The pixel portion 602 has a plurality of pixels, each including a switching TFT 
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611, a current controlling TFT 612, and a first electrode 613 electrically connected to a 
drain of the controlling TFT 612. In addition, an insulator 614 is formed to cover an 
edge of the first electrode 613. Here, a positive photosensitive acrylic resin film is 
used to form the insulator 614. 

Besides, in order to obtain a favorable coverage, the insulator 614 is made to 
have a top portion or bottom potion formed with a curved surface with a curvature. 
For example, in the case of using positive photosensitive acrylic as a material for the 
insulator 614, it is preferable that only a top portion of the insulator 614 has a curved 
surface with a curvature radius (0.2 [xm to 3 (xra). In addition, any of a negative 
photosensitive material that becomes insoluble in an etchant by light and a positive 
photosensitive material that becomes soluble in an etchant by light can be used as the 
insulator 614. 

On the first electrode 613, an electroluminescent layer which is a layer 
including a luminescent material 616 and a second electrode 617 are formed. Here, as 
a material to be used for the first electrode 613 that functions as an anode, it is 
preferable to use a material that has a large work function. For example, in addition to 
single layers such as an ITO (indium tin oxide) film, an indium zinc oxide (IZO) film, a 
titanium nitride film, a chromium film, a tungsten film, a Zn film, and a Pt film, 
laminated structures such as a laminate of a titanium nitride film and a film including 
aluminum as its main component and a three-layer structure of a titanium nitride film, a 
film including aluminum as its main component, and a titanium nitride film can be used. 
When a laminated structure is employed, the wiring has a lower resistance, favorable 
ohmic contact can be taken, and it is possible to function as an anode. 

The electroluminescent layer 616 is formed by evaporation that uses an 
evaporation mask or by inkjet. The electroluminescent layer 616 includes a carbazole 
derivative according to the present invention. As a material to be used in combination 
with the carbazole derivative, low molecular weight materials, middle molecular weight 
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materials (including an oligomer and a dendrimer) or high molecular weight materials 
may be used. In addition, as a material to be used for the layer including the 
luminescent material, it is often the case that an organic material is used for a single 
layer or laminate. However, the present invention includes a structure in which an 
5 inorganic compound is used for a part of a film including an organic compound. 

In addition, as a material to be used for the second electrode (cathode) 617 
formed on the electroluminescent layer 616, a material that has a small work function 
(Al, Ag, li, or Ca; an alloy thereof such as MgAg, Mgln, AlLi, or CaF 2 ; or CaN) may 
be used. In the case of transmitting light generated in the electroluminescent layer 616 
10 through the second electrode 617, it is preferable to use a laminate of a metal thin film 
that has a thinned film thickness and a transparent conductive film (such as ITO (an 
alloy of indium oxide and tin oxide), an ally of indium oxide and zinc oxide 
(In 2 0 3 -ZnO) 5 or zinc oxide (ZnO)) as the second electrode (cathode) 617. 

Further, the sealing substrate 604 and the substrate 610 are bonded with the 
15 sealing material 605 to have a structure where a light-emitting element 618 is provided 
in the space 607 surrounded by the substrate 610, the sealing substrate 604, and the 
sealing material 605. The space 607 also includes a structure of filling with the sealing 
material 605 in addition to a case of filling with an inert gas (such as nitrogen or argon). 

It is preferable to use an epoxy resin for the sealing material 605. In addition, 
20 it is desirable to use a material that hardly allows permeation of moisture or oxygen. 
Further, as a material to be used for the sealing substrate 604, a plastic substrate 
including FRP (Fiberglass-Reinforced Plastics), PVF (polyvinylfluoride), Mylar, 
polyester, or acrylic can be used besides a glass substrate and a quarts substrate. 

In this way, the light-emitting device that has the light-emitting element 
25 according to the present invention can be obtained. 

The light-emitting device shown in the present example can be implemented 
freely in combination with any of the structures of the light-emitting elements shown in 
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Examples 1 to 3. 
[Example 5] 

In the present example, various electronic devices completed by using a 
5 light-emitting device that has a light-emitting element according to the present invention 
will be described. 

As examples of electronic devices equipped with a light-emitting device 
formed according to the present invention, a video camera, a digital camera, a 
goggle-type display (head mount display), a navigation system, a sound reproduction 

10 device (such as an in-car audio system or an audio set), a laptop personal computer, a 
game machine, a personal digital assistance (such as a mobile computer, a cellular 
phone, a portable game machine, or an electronic book), and an image reproduction 
device equipped with a recording medium (specifically, a device equipped with a 
display device, which can reproduce a recording medium such as a digital versatile disc 

15 (DVD) and display the image) can be given. Figs. 16A and 16B show some specific 
examples of these electronic devices, which will be described. 

Figs. 16A and 16B are a display device, which includes a frame body 2001, a 
support 2002, a display portion 2003, a speaker portion 2004, and a video input terminal 
2005. A light-emitting device formed according to the present invention is used for the 

20 display portion 2003 to manufacture the display device. The display device includes 
all devices for displaying information such as for a personal computer, for receiving TV 
broad casting, and for displaying an advertisement. 

Fig. 16C is a cellular phone, which includes a main body 2701, a frame body 
2702, a display portion 2703, a voice input portion 2704, a voice output portion 2705, 

25 an operation key 2706, an external connection port 2707, and an antenna 2708. A 
light-emitting device that has a light-emitting element according to the present invention 
is used for the display portion 2703 to manufacture the cellular phone. 
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As described above, a light-emitting device that has a light-emitting element 
according to the present invention is quite widely applied. In addition, since a 
carbazole derivative according to the present invention is used to form the light-emitting 
element that is used for the light-emitting device, the light-emitting element has features 
of a low driving voltage and a long lifetime. Therefore, it is possible to reduce power 
consumption and extend a lifetime (that is, favorable display images can be obtained for 
a long time) by applying this light-emitting device to electronic devices in all fields. 

Although the present invention has been fully described by way of example 
with reference to the accompanying drawings, it is to be understood that various 
changes and modifications will be apparent to those skilled in the art. Therefore, 
unless such changes and modifications depart from the scope of the present invention 
hereinafter defined, they should be construed as being included therein. 



WO 2005/040117 



PCT/JP2004/016184 



45 
CLAIMS 

1. Acarbazole derivative represented by the following general formula (1), 




wherein Ri is one of hydrogen, halogen, a cyano group, an alkyl group having 
1 to 20 carbon atoms, a haloalkyl group having 1 to 20 carbon atoms, an alkoxyl group 
having 1 to 20 carbon atoms, a substituted or unsubstituted aryl group, and a substituted 
or unsubstituted heterocyclic group, and R 2 to R5 are identical or different, and are 
individually one of hydrogen, halogen, a cyano group, an alkyl group having 1 to 20 
carbon atoms, an alkoxyl group having 1 to 20 carbon atoms, an acyl group having 1 to 
20 carbon atoms, a haloalkyl group having 1 to 20 carbon atoms, a dialkylamino group 
having 1 to 20 carbon atoms, a diarylamino group having 1 to 20 carbon atoms, a 
substituted or unsubstituted heterocyclic group, and a carbazolyl group. 

2. A light-emitting element comprising the carbazole derivative according to 

claim 1. 

3. A light-emitting element comprising the carbazole derivative according to 
claim 1 as a hole transporting material. 

4. A light-emitting element comprising the carbazole derivative according to 
claim 1 as a luminescent material. 
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5. A light-emitting element comprising the carbazole derivative according to 
claim 1 and a guest material. 

6. A light-emitting element comprising the carbazole derivative according to 
claim 1 and a host material. 

7. A light-emitting device comprising the carbazole derivative according to 

claim 1. 

8. An electronic device comprising the carbazole derivative according to claim 
1, wherein the electronic device is selected from the group consisting of a video camera, 
a digital camera, a goggle-type display, a navigation system, a sound reproduction 
device, a laptop personal computer, a game machine, a personal digital assistance and 
an image reproduction device equipped with a recording medium. 
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EXPLANATION OF SYMBOLS 

10: substrate, 11: TFT, 12: TFT, 13: light-emitting element, 14: first electrode, 15: layer 
including a luminescent material, 16: second electrode, 17: wiring, 100: substrate, 101: 
first electrode, 102: layer including a luminescent material, 103: second electrode, 111: 
hole injecting layer, 112: hole transporting layer, 113: light-emitting layer, 114: electron 
transporting layer, 115: electron injecting layer, 200: substrate, 201: first electrode, 202: 
layer including a luminescent material, 203: second electrode, 211: hole injecting layer, 
212: hole transporting layer, 213: light-emitting layer, 214: electron transporting layer, 215: 
electron injecting layer, 601: driver circuit portion, 602: pixel portion, 603: driver circuit 
portion, 604: sealing substrate, 605: sealing material, 607: space, 608: leading wiring, 609: 
FPC, 610: substrate, 611: switching TFT, 612: current controlling TFT, 613: first electrode, 
614: insulator, 616: layer including a luminescent material, 617: second electrode, 618: 
light-emitting element, 623: n-channel TFT, 624: p-channel TFT, 2001: frame body, 2002: 
support, 2003: display portion, 2004: speaker portion, 2005: video input terminal, 2701: 
main body, 2702: frame body, 2703: display portion, 2704: voice input portion, 2705: 
voice output portion, 2706: operation key, 2707: external connection port, 2708: antenna 
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